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SUMMARY
The need for larger quantities of high quality water have 
imposed a great demand on the fresh water resources. This has. 
led to increasing reuse of wastewater, sometimes with complete 
recycling. The recognition that pathogens may be transmitted 
via such waters has led to the development of disinfection 
practices for both municipal water supplies as well as for effluents 
to be discharged into rivers and lakes.
An attempt was made to standardize and determine some of 
the parameters governing disinfection of effluents using the 
f2 coliphage and poliovirus 1. It was found that the activated 
sludge effluent from the Guildford Sewage Treatment Plant required 
far less chlorine for reduction of viruses than the levels reported 
in the literature. This reflected on the quality of the effluent 
and showed the need to characterize it before any attempt for 
disinfection.
Threshold values for residual disinfectants needed to achieve 
k log inactivation of virus were determined for a pH range of h-9}
3 temperatures (£°C, l£°C and 25°C) at selected pH’s and various 
amounts of organic matter contents. The disinfecting potentials 
of bromine chloride and peracetic acid were compared to those of 
chlorine. Bromine chloride was found to be more effective because
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it produced the active hypobromous acid at the normal pH of the 
effluent. Another advantage of bromine was that its by-products 
were recently proved to be less stable than those of chlorine 
and therefore . presented less of a problem in receiving waters. 
Peracetic acid, on the other hand, had other advantages over 
halogens; its by-products, acetates, were non-toxic, the effluent 
had no demand for it because there were no side reactions with 
nitrogenous compounds, and it provided the effluent with better 
protection from secondary contaminations.
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INTRODUCTION
THE HISTORICAL PERSPECTIVE
As a terrestrial animal man requires water for his existence.
He has always been in search of clean water for drinking and has 
usually set up residence along rivers and by springs and oases. With 
the socio-economic evolution of man the ’Quest for Pure Water’
(Baker, 19U8) increased both for consumption as well as for 
agricultural use. This socio-economic evolution also resulted in 
crowding of inhabited areas and consequent pollution of the water­
ways on which man’s life depended.
Early historical records show that people became aware that 
diseases were transmitted by water and took various precautions to 
keep drinking water clean, and set water quality standards. Vitruvius, 
a Roman architect and engineer (1st century B.C.) suggested boiling 
the water as a means of improving water quality. He observed how the 
physique of the water consumer related to the water quality - that if 
’their frames were strong, their complexion fresh, legs sound and eyes 
clear, the water should receive complete approval1. During his campaigns 
in the Middle East Alexander the Great was advised to carry water from 
Greece in silver containers and not to use any other water. In desert 
areas of Arabia people cast a veil on the surface of the water in oases 
and drank the filtered water that surfaced over the veil. And in many 
villages of the Middle East earthenware porous water jugs are still 
used to filter and cool water intencWfor drinking. Crude filtration was 
possibly the first treatment process for water.
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As dwellings developed into towns, the provision of a constant 
water supply was the next problem. Romans developed extensive aque­
duct systems to bring fresh water from springs into houses. Persians 
constructed long canals, or ’ghanatf to convey water to arid zones, and 
cisterns were filled with water during the rainy season so that water 
was available during the drier summer (II Kings 3:16-17).
The disposal of human excreta, on the other hand, did not receive 
as much attention so early in history. The Old Testament instructed 
to dig the ground and ’turn back and cover that which cometh from thee’ 
(Deut. 23:12-13). This practice of ’fertilizing’ the land was carried 
out for centuries but in growing cities nights oil was carelessly 
dumped around the cities.
In 1880 R.S. Eracey, a journalist in Ihris reported: ,rFor some 
time the atmosphere of Paris has been anything but agreeable. Toward 
the evening an unpleasant smell - or rather a more unpleasant smell 
than usual - has been noticeable, so much so, indeed, that it has at 
least become offensive even to the Republican nostrils of the Municipal
Council ...... the effluvium originated in the twenty-seven
deptoirs, or night-soil depots, which at some distance surround the 
capital ”
Some twenty-five years earlier the Bond Street cholera epidemic 
in London was shown by Dr. J. Snow to be caused by consumption of water 
contaminated by sewage. Similarly, water supplies contaminated by 
sewage in Massachusetts resulted in a death rate of 92/100,000 from 
typhoid and paratyphoid during 1861-1870 (Gude, 1976). In 1856 and 
1873 Budd had pointed out that typhoid fever was transmitted by contaminated 
water, and the cholera epidemic of Hamburg (Germany) in 1892 was related 
to unfiltered river water (Scarpino, 1971).
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The need to establish proper drainage systems was reported 
in I81j.2 by Chadwick, an Assistant Commissioner in the Royal Commission 
studying the Poor Law (Sidwick, 1976) . And gradually by the end
of the 19th century two innovations reduced ' the danger of waterborne 
diseases - the construction of sewers, and the disinfection of water 
supplies before distribution. The disinfectant of choice was chlorine. 
The antiseptic property of chlorine was first recognized by Seramelweis 
in I8I4.8 who worked in Vienna General Hospital. Seramelweis greatly 
reduced death from puerperal fever by introducing the practice of 
scrubbing hands and steeping them in chlorine water before contact 
with each patient (Whitlock, 1954). -
Following the earlier nineteenth century observations, Woodhead
in 1897 used chlorine to disinfect the water mains at Maidstone after 
an outbreak of enteric fever (Manual of British Water Supply Practice, 
1950), and in the United States Houston and McGowan in 1901; checked the 
Lincoln water-borne epidemic of typhoid by the same treatment. In 
Hamburg chlorine was used in 1893 to check a cholera epidemic as well as 
the foul odours of sewage. A year later chlorination of sewage was 
introduced at Brewster, N.Y.. Thus disinfection of water and wastewater 
by chlorine started at the same time and continues to this day. The 
authorities in Phris tried to solve the problem of odours from sewers 
by applying ozone, and the practice of ozonation for water and waste­
water treatment had been widely used in many parts of France and Germany 
since 1886 (Ohmuller, 1892).
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Of the two disinfectants used for the disinfection of both 
municipal water and wastewater, chlorine and ozone, chlorine is by 
far the most extensively used. But the high reactivity of chlorine 
with many compounds, especially in wastewater had raised the fear 
that already many chlorinated toxic compounds are circulating in our 
waters, and the problem will become more serious as the need for 
recycling water increases. So, many British water authorities 
have sought an alternative to chlorine, for instance ozone and irradiation.
In the United Kingdom wastewater effluents are never disinfected 
before discharge into the sea or into a river. But the reuse of river 
water downstream from an effluent discharge for a source of drinking 
water highlights the concern over the possible transfer of pathogens 
downstream. However, there have been no unequivocal evidence of 
outbreaks of water-borne diseases in U.K. incriminating water con­
taining recycled effluent, but the possibility of this form of the 
transmission of pathogens remains, especially the transmission of 
animal viruses from farm effluents.
The present project was undertaken to study some parameters 
affecting the disinfection properties of chlorine for a typical 
activated sludge effluent, and to compare the efficiencies of bromine, 
bromine chloride and peracetic acid in this system, using f2 coliphage 
and Poliovirus I as test organisms. ■. ■
OCCURRENCE M D  DISINPECTIOU OP VIRUSES HT WATER 
( LITERATURE REVIEW )
I Waterborne Diseases
Pathogens which multiply in the intestines of patients 
experiencing enteric infections or disease will be excreted in 
the faeces which may then reach water intended for consumption 
or for recreational purposes. That this may occur in highly 
organised industrial societies as well as in less well technically- 
equipped urban populations of developing countries is to be 
regretted. Recent evidence of this problem, with regard to viruses 
and the faecal-oral route of transmission of infection via water, 
was discussed by Schwartzbrod et al. (1973).
The pathogens listed in Table 2.1 which is compiled and 
modified from Cooper (197W, Peachem (1977), Geldreich (1972) and 
Reddick & Aycock (1971) represent those that may be transmitted via 
water. Most of the larger microorganisms, protozoal cysts and 
small invertebrates found in the raw water or in sewage are 
eliminated at the different stages of water and sewage treatment 
processes, but viruses have proved to be more resistant to the 
various treatments than the majority of pathogenic and non-pathogenic 
organisms (Clarke & Chang, 1959). The possibility that water may be 
contaminated during distribution cannot be ruled out.
Although a number of outbreaks of viral disease have been 
associated with contaminated water supplies, there is only circum­
stantial evidence that these outbreaks were waterborne. However, 
good evidence exists that four major epidemics were transmitted
-  1 9 -
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through municipal waters. Two of these involved infectious 
hepatitis, and the two others were of poliomyelitis. The 
infectious hepatitis epidemic of New Delhi in the winter of 
1955-56 (Dennis, 1959$ Viswanathan, 1957) involved 29,300 cases, 
1.7$ of the population of New Delhi, all probably infected by 
consuming water contaminated with raw sewage, the bacteriological 
analysis of which was suspect. In November 1956 two communities 
Rhinebeck and Rhinecliff, N.Y., both on a common municipal water 
supply, reported 70 cases of infectious hepatitis within 30 days. 
This epidemic was concluded to be waterborne through the emergency 
water supply despite the fact that it was chlorinated (Poskanzer 
& Beadenkopf, 1961). The restricted incidence of poliomyelitis in 
Huskerville (Lincoln) Nebraska (Bancroft et al., 1957) in 1952 
ascribed a waterborne source. Two and a half rows of houses in a 
group of temporary houses reported paralytic and non-paralytic 
poliomyelitis in 10$ of the children. The water supply of these 
houses was later shown to be contaminated with sewage by back 
siphonage through the closets from which the vacuum breakers were 
missing. An epidemic of poliomyelitis in Edmonton (Alberta) in 
1953 was coincident with the breakdown in chlorination of an 
effluent 20 miles upstream, which implied that waterborne trans­
mission of the virus had occurred (Little, 195U).
Infections with ECHO, Coxsackie or adenoviruses are not 
obviously related to municipal water supplies, but almost certainly 
are associated with the readily contaminated recreational waters, 
for example swimming pools, lakes, rivers (Caldwell et al., 197U$ 
Denis et al., 197Us Hawley et al., 1973$ McLean, 196U).
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A disease commonly categorized as waterborne but for which no 
pathogen or pathogens have yet been demonstrated is the acute 
infectious non-bacterial gastroenteritis (Sobsey, 1975). Evidence 
is now accumulating that this disease has a viral aetiology 
(Flewett, 1977; Wyatt et al., 197W- Periodic reports by the 
United States Environmental Protection Agency (USEPA) Epidemiology 
unit show that gastroenteritis and diarrhoeal diseases have 
constituted U8»k% of waterborne outbreaks between 19k6-19lk (cal­
culated from: Craun & McCabe, 1973$ Craun et al., 1976$ Weibel 
et al., 196k)*
The most important of the bacterial diseases thought to be 
transmitted through water, typhoid fever, has shown a decline in 
the U.S. during that same period (Craun & McCabe, 1973$ Craun et al., 
1976} Reddick & Rycock, 1971$ Weibel et al., 196k). A recent 
report by the Public Health Service in Britain (1978) showed a:very 
low incidence of the disease $ the majority of the reported cases in 
1975-76 had contracted the disease abroad or had had contact with a 
person from abroad.
The faecal-oral mode of transmission of pathogens may occur 
other than via drinking or recreational waters, for instance via 
water used for irrigation, in food industry, and in supporting the 
growth of various shellfish (Bryan, 1977). The most important of 
the food-transmitted pathogens are, again, the viruses of infectious 
hepatitis and gastroenteritis which have been shown to concentrate 
in shellfish (Metcalf & Stiles, 1965) and when the latter are eaten raw 
or partially cooked may result in disease (Appleton & Pereira, 1977$ 
Dismukes et al., 1969).
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Animal, plant and bacterial pathogenic viruses may also be 
transmitted by water. But there has been little concern over 
transmission of bacterial and plant viral pathogens. Concern over 
the transmission of animal viruses has concentrated mainly on 
certain avian and bovine infections, particularly avian influenza 
and foot-and-mouth disease viruses (Kalter & Millstein, 197k)• 
Another aspect of animal virus infection of interest concerns the 
possibility that potential human pathogens may replicate asymptom­
atically in certain animals (like herpes virus, adenoviruses and 
enteroviruses). Poynter (1968), Brier and Riley (1967) and Berg 
(1971) have previously drawn attention to this problem in general 
terms.
All the foregoing indicate that a whole array of viruses 
may be found in our water environment having reached these by 
several routes s untreated or inadequately treated domestic sewage 
discharged into surface waters, field runoffs bringing viruses 
from animals and birds, seepage through soil of viruses found in 
landfills and septic tanks, thus reaching ground water, and plant 
and bacterial viruses making their way into aquatic environment 
(McDermott, 197^). But the potential incidence of disease caused 
by these viruses is questionable. A hypothetical example was 
considered by Payment (1977)* that if a particular water treatment 
plant supplied a town daily with 3^0 million gallons of water which 
contained one infectious unit per 5>0 gallons, and if 0.2$ of this 
water was consumed and one person in three got infected, then 
It, 700 individuals would be infected. But how many of these 
infections would result in disease could not be determined. The
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major problem epidemiologists have to solve is not the explosive 
outbreaks of viral disease but to determine the extent of viral 
infection, which may escape attention but result in a number of 
carrier cases thus quantitatively increasing viruses in the water 
environment (Chang, 19685 Mosley, 1967).
Although the presence of pathogens is thought to present 
the advantage of establishing general immunity in the consumer 
community (Chang, 1968), Melnick (1971) expressed the fear that 
evidence for low-level transmission of viral disease will never 
be obtained. In the case of pathogens with short incubation periods 
the source of infection and their route of transmission are easily 
and quickly identified; but with a slow virus, when the incubation 
period is sometimes years, the original source of these cannot be 
established (Melnick, 1971).
The above-mentioned observations and considerations have led 
to the establishment of new quality standards for drinking water 
(WHO, 1971)* and the search for more efficient methods of treatment 
and disposal of wastewater (Anon. 1976). In 197k the International 
Conference on Viruses in Water in Mexico City reaffirmed the  ^: ; 
recommendation that there should be less than one virus particle 
in 100-1000 gallons of drinking water, and less than one virus 
particle in 10 gallons of recreational waters.
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Table 2.1
Diseases transmitted by water (compiled from Cooper (197U), • 
Feachem (1977), Geldreich (1972) and Reddick & Aycock (1971) ).
Infectious
Agent
Pathogen Disease caused
Vehicle of 
transport
Infectious 
hepatitis virus
Infectious
hepatitis
Water contaminated 
with sewage; 
shellfish
V
Poliovirus Poliomyelitis; aseptic . 
meningitis
Possibly water­
borne
I
R
a
Coxsackie A virus Herpangina; aseptic 
meningitis; infantile 
diarrhoea; respiratory 
diseases
»  it
Coxsackie B virus Fleurodynia; aseptic 
meningitis; res­
piratory diseases
i t  tt
ECHO virus Respiratory diseases, 
diarrhoea
tt  it
L Adenovirus Upper respiratory 
diseases; conjuncti­
vitis ; pharyngitis
i t  it
Reovirus Upper respiratory 
diseases; diarrhoea; 
exanthema
i t  it
Gastroenteritis 
virus (es)
non-bacterial gastro­
enteritis
i t  tt
B
A
Salmonella spp. Typhoid; gastro­
enteritis; septicemia
Waterborne,
foodbome
C
Shigella spp. acute diarrhoea; 
bacillary dysentery
Foodborne, 
Waterborne,
(low frequency)
T Vibrio spp. Cholera; diarrhoea Waterborne, 
contaminated food
E
R
E. coli Coliform gastro­
enteritis ; urinary 
infections
Polluted waters
I
Leptospira spp. Acute infections of 
kidneys, liver, CHS
Contaminated 
recreational 
waters (low 
frequency)
A
L
Mycobacterium
spp.
Tuberculosis
i
Contaminated 
water (rare)
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Table 2.1: (Cont.)
Infectious
Agent
Pathogen Disease caused ■ Vehicle of transport
P
R ■ 
0
Entamoeba
histolytica
Amoebic dysentery Cysts in con­
taminated waters
T
0
Z
0
A
N
Giardia s u n . Giardiasis; dysentery Waterborne
Naeglaria spp. Amoebic meningo- 
cephalitis
tt
0
Schistosoma spp Schis tos omias is 
(blood flukes)
Polluted waters
T
H
E
Ascaris lumbri- 
coides
Taenia spp.
Intestinal round 
■worms
Tapeworm
Water contaminated 
with sewage •;
Meat; polluted 
waters
R
S
Necator spp. 
Ancylostoma spp.
hookworm diseases; 
anaemia Sewage irrigated farms
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II Survival of Viruses in Water and Wastewater and the. Importance
of Indicators of Faecal Pollution
Viruses are obligate intracellular parasites therefore 
cannot multiply in water. However, different viruses survive in 
water for various lengths of time (Gerber et al., 1975) depending 
upon environmental factors such as nature of the water (lake, 
river, sea, well), temperature, chemical and organic contents of 
the water, organisms preying on viruses (Akin et al., 1971). There 
is generally a decline in the titre of virus in water with time 
(Berg, 1971). Clarke et al. (1956) isolated Coxsackie A2 virus 
from inoculated distilled water incubated at 8°C after 272 days, 
but none after 135 days at 20°C. In sewage the virus survived 
longer than 6l days at 8°C but only about Ijl days at 20°C.
Survival time of Coxsackie virus in raw river water was shorter 
than that in autoclaved river water at either temperature.
Poliovirus was shown by Pietri & Breittmayer (1976) to 
behave similarly in raw and autoclaved sea water, survival being 
shorter in untreated and filtered sea water. Comparing three 
viruses - Poliovirus 1, ECHO 6 and Coxsackie B3 - Metcalf & Stiles 
(1967) noted that Coxsackie virus exhibited the greatest survival 
capacity.
Clarke et al. (1969) came to the conclusion that viruses 
survived longer in ’clean’ and grossly polluted waters than in 
moderately polluted ones, and they survived longer at cooler 
temperatures. The tendency of viruses to aggregate may explain
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why they survive longer in ’clean’ or distilled water (Floyd &
Sharp, 1977)3 while in polluted waters viruses are physically 
protected by adsorbing to wastewater solids (Balluz, 19773 Oliver, 
1975). The reason for relatively short survival times in ’moderately1 
polluted aquatic systems like sea or estuarine waters is not so well 
understood yet (Matossian & Garabedian, 19673 Pietri &. Breittmayer, 
'1976).
Enteroviruses isolated in sewage or polluted waters show 
a seasonal pattern, having a peak in the late summer (Craun & McCabe, 
19733 Kelly & Sanderson, i960). But this pattern may change after 
a vaccination campaign (Malherbe & Strickland-Cholmley, 1967a). 
Viruses are regularly monitored in the Thames and Lee rivers before 
abstraction and counts up to 100 pfu/l were demonstrated (Poynter 
& Slade, 1977). This level dropped to under 2 pfu/l under normal 
winter storage conditions. The densities and types of different 
viruses in wastewaters may fluctuate over the years and in different 
communities (Bloom et al., 1959). Children below the age of 15 are 
probably the main shedders of enteroviruses (Ramos-Alvarez & Sabin,
5 6 ^
1956). As many as 10 or 10 virus particles could be found in one
gram of faeces (Sabin, 1955). In raw sewage this means about
2*00 pfu/lOO ml during the peak season and about 20-30 pfu/100 ml
during winter (Kelly & Sanderson, 1960)5 Clarke and Kabler (196U)
calculated that on average there would be about 700 virus units
per 100 ml. Since the sampling techniques of the above authors
were different, the figures given by each group are remarkably close
(Grabow, 1968). Apart from seasonal variations Shuval (1970) and
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Malherbe & Strickland-Cholmley (1967a) have shown variation in the
amount of enteroviruses in the sewage of socioeconomically different
communities. In the case of rotavirus, a waterborne virus that is of
great concern medically and in the veterinary field, concentrations 
10around 10 particles/gm of faeces are common (Flewett, 1977). But 
its concentrations in the various fractions of sewage and effluent 
are still not known.
At this point it is important to mention also the densities of 
coliforms in sewage. These are found in far greater numbers than 
enteroviruses. Clarke et al. (I96U) have demonstrated that domestic 
sewage may contain U.6 x 10 coliforms/lOO ml, and the density of 
coliforms in contaminated surface waters may be between 1 x 10^ to
51 x 10 coliforms/lOO ml. Ware & Mellon (1956) had previously 
7reported 1.3 x 10 coliforms/lOO ml of crude sewage. This figure is 
not significantly different than that of Clarke et al. as there is 
daily and seasonal fluctuation in coliform counts (McCoy, 1971).
The enterovirus:coliform ratio in sewage is about 1; 100,000 (Clarke 
& Kabler, I96I4.). Coliforms also outnumber other bacterial pathogens 
like Salmonelh. and Shigella. Kampelmacher & Nourle Jansen (1970) 
estimated that raw sewage contained 200 salmonella/lOO ml.
Various techniques have been developed to isolate and 
enumerate total coliforms and faecal coliforms in water and sewage 
(Standard Methods, 1971). The coliform index is taken as a measure 
to determine the bacteriological safety of water (WHO - International 
Standards, 1971) and the extent of faecal pollution (Gilcrease & Kelly, 
195U & 1955). But incidents like the New Delhi epidemic of infectious
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hepatitis, when bacteriological analysis of the water was ambiguous, 
casts doubts on the adequacy of the coliform index. The greater, 
number of coliforms and the ease of conducting a coliform test are 
advantages for their use as indicators, but the test also presents 
serious disadvantages: coliforms may proliferate in the water or 
wastewater after contamination, thus giving a wrong measure about 
the extent of contamination, and bacteria, being more sensitive to 
chemical disinfection than enteroviruses (Coetzee, 1966) are reduced 
in far greater numbers, again giving a wrong measure about the safety 
of the finished water with regard to enteric viruses (Dutka, 1973$ 
Scarpino, 1971). It is also worth noting that many coliforms are 
not of human origin, but come from other warm-blooded animals 
(Hilton & Stotzky, 1973).
A proper appraisal of the subject must also involve con­
sideration of the relative resistance of coliforms, streptococci and 
viruses to different water and sewage treatment processes. Cohen 
& Shuval (1973) showed that coliforms were more sensitive than 
either faecal streptococci or viruses, thus in the final effluent 
the ratios of the different organisms were different than those in 
the influent. This leads to the conclusion reached by De Michele 
et al. (197U) that the absence of coliforms does not mean that 
viruses also are absent. Virologic monitoring of waters is now 
thought to be essential. However, there are difficulties associated 
with this subject (Kott et al.9 197U): 1 - isolation and
identification of viruses is a costly and time-consuming process5
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2 - trained personnel are required to conduct virologic tests;
may no longer present a problem.
To simplify the analysis it would be convenient to use an 
indicator organism which behaves like enteric viruses, one that 
is found in sufficient quantities to detect and is detected with 
a simple, inexpensive and rapid test which does not require too 
highly qualified personnel to handle it. A bacteriophage might 
fulfil these requirements, but the choice has proved to be con­
troversial. The selection of bacteriophages of E. coli was the most 
logical, being natural inhabitants of the intestines and excreted 
in the faeces (Adams, 1959). Although usually less numerous than 
coliforms, the small ENA coliphages survive longer in waters and 
are relatively more resistant to treatment processes. Several 
investigators have isolated and enumerated coliphages in sewage 
and effluent and related their results to equivalent studies with 
coliforms. Ware and Mellon (1956) found the colircoliphage ratio 
in sewage to be 300:1 and in effluent 30:1. This is in accordance 
with the findings of Buras and Kotfc (1966) who reported a ratio of
100:1 in sewage and 10:1 in effluent, and the reports by Bell 
(1976) who concluded that a high coliform:coliphage ratio would 
indicate a recent faecal contamination. These ratios do not imply 
any relation between coliform and coliphage counts; furthermore, 
coliphage counts do not apparently exhibit any seasonal variation
3 - well equipped laboratory facilities are required; and
h - by the time results are obtained and confirmed the water
(Ayers, 1977)
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An important feature of the coliphage studies is the fact 
that coliphages exist in a wide variety of different sizes, 
shapes and nucleic acid composition (Douglas, 197£)« It might 
be thought that if a bacteriophage indicator of enterovirus 
pollution is required, then to select a bacteriophage with 
similar chemical composition, size and morphology as enteroviruses, 
for example the bacteriophages f2~f7 and MS2, would be appropriate 
(Zinder, 1965). However, just as different microorganisms have 
varied sensitivities to the different treatment processes, 
bacteriophages show different sensitivities, for instance coliphages 
MS2 and f2 are more resistant to disinfection than enteroviruses 
(Shah & McCamish, 1972). Furthermore, Balluz et al. (1978) and 
Butler and Balluz (1978) demonstrated that poliovirus and f2 
coliphage adhered to and eluted from activated sludge solids 
quite differently.
Bacteriophage indicators other than coliphages have been 
suggested. Investigators in South Africa (Carstens et al., 1965; 
Coetzee, 1966) have proposed the addition of the bacteriophage 
for Serratia marcescens to the water/wastewater under treatment in 
order to provide a model for the survival of enteroviruses through 
the.system. Cohen & Shuval (1973) advocated the use of faecal 
streptococci as indicators of faecal pollution source in a moderately 
polluted water rather than as indicators of the bacteriological 
quality of water. Galvani (197M went a step ahead claiming that 
by identifying the various strains of streptococci in water the 
human or animal origin of pollution could be determined. Thus
S. faecalis indicated a human origin, while S. bovis or equinus 
indicated animal origin. Conflicting reports by Smedberg and 
Cannon (1976) proposed the use of cyanophage LPP-1 of a blue-green 
alga as indicator of animal virus pollution. But their report 
failed to show if this cyanophage fulfilled the basic criteria 
noted earlier needed for an indicator organism (Hass, 1977).
“Whether a laboratory or a wild strain of a chosen indicator 
organism should be used is yet another aspect to consider, because 
the susceptibilities of the two such strains may vary (Stanley &
Cannon, 1977).
Ill Removal of Viruses Through Water and Wastewater Treatment Systems
In developed countries water and wastewater are subjected to
various treatment processes in order to eliminate potential 
pathogens. The extent of removal of virus at each stage of the 
treatment or the type of treatment will now be discussed leaving 
out the subject of disinfection which will follow in a separate 
chapter.
A. Water Treatment
The treatments to which water, intended for consumption, is 
exposed depend on the nature of the raw water source. Often well 
and underground waters need little treatment, while surface waters 
are subjected to more elaborate processes some of which, like 
desalination or reverse osmosis, being very expensive. The main 
steps in water treatment are; storage, coagulation-flocculation,
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sedimentation, filtration and disinfection. If the water is hard 
lime-softening may be incorporated. At each step various amounts 
of pathogens are removed, but the finished water is not thought 
to be completely free of pathogens until after disinfection.
a. Storage
After abstraction from a surface water source, raw water is 
impounded in open reservoirs. The larger particulate matter settles, 
and with this some of the adsorbed micro-organisms. There is also 
a gradual die-off of many pathogens, including viruses, during this 
storage period, survival time being related to the temperature and 
length of storage time (Clarke et al., 196U). Gilcrease & Kelly 
(l9%k) reported that 50$ of the bacteriophage of E. coli B was lost 
in four weeks at 8°-10OC while none of Coxsackie A and mouse 
encephalomyelitis (Theiler) viruses were lost and only 1% of 
coliforms survived during the same time. When the same viruses were 
stored at 20°-30°C, only 1% of bacteriophage survived by the end of 
four weeks and 75$ of Theiler virus and 99.69% of Coxsackie virus 
were lost. These data were confirmed by Clarke et al. (I96U) who 
reported that Coxsackie A9 survived 10-20 days at U°C in river 
water. They also reported the relative survival times for other 
viruses and bacteria at various temperatures, showing that viruses 
are hardier than indicator bacteria.
In his studies with enteroviruses in River Lee water Poynter
(1968) found that Poliovirus 3 required 9 weeks of storage at 5°-6°C 
for 99.90% inactivation, while at l5°-l6°C 99.75$ inactivation occurred 
in 15 days. In warmer climates, where temperatures may stay far above
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25°c for long periods of time, eutrophication of storage reservoirs 
may take place, resulting in other complication (Hckford, 1977)? 
and long storage times even in cooler climates is not practical,
b, Coa gulati on-FLocculat ion
The colloidal and macromolecular impurities of water are. 
removed by the addition of chemical coagulants and flocculants 
which are mixed into the water and then allowed to settle. The 
most common coagulants are metal salts like Al^SO^)^, FeSO^,
FeCl^, FegCSO^)^? and organic coagulants like starch and cellulose 
derivatives and synthetic polyelectrolytes (Singley, 1971). Coagulants [ 
also help remove colour and turbidity which result from the bio­
degradation of organic matter or dissolved organic matter from soil.
During coagulation and flocculation virus particles may be
physically removed by either being trapped in the floe or being
chemically bound to an active site on the chemical. Carlson et al.
(19U2) found very little increase in the number of surviving mice that
had received water contaminated with poliovirus and thaa coagulated with
100 ppm alum. When the flocculated water was filtered through soil,
only one animal out of developed paralysis. Gilcrease & Kelly (19^ 5),
also using Al^CSO^)^, found that the coagulant only partially removed
Theiler and Coxsackie viruses and bacteriophage Tijr. Chang et al. (195>8)
on the other hand reported 9%% removal of Coxsackie A2 with l£~25 ppm.
FeCl0 or Al (SO, )_ when the turbidity of water was less than 260 ppm 
-> £ b 3
With double stage flocculation virus removal was improved to 99%. This 
was confirmed by Robeck et al. (1962) who could flocculate 99»1% of 
poliovirus 1 with alum and settling, and later by Foliguet et al. (l97ll)
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who flocculated 99.86-99.9999$ of poliovirus 1 with FeCl^ and rapid 
'filtration. Coagulation/flocculation does not completely eliminate 
viruses from water and the addition of polyelectrolytes as coagulant 
aids do not increase the efficiency of virus removal (York &
Brewry, 197k)*
e. Sedimentation-Flltration
The floe formed in the preceeding stage is allowed to sediment 
and the water is then filtered. Filtration is the most ancient type 
of water treatment; porous earthenware vessels were used by Egyptians 
to filter water before drinking. Nowadays sand, anthracite coal and 
diatomaceous earth are used for slow and/or rapid filtration.
The removal of virus by sand filtration alone was found to be 
inefficient (Carlson et al., 19^2), but aided with alum precipitation 
98$ of virus was removed. The slow sand filter used by Gilcrease &
Kelly (1955) also removed 95-98$ of bacteria and viruses, while rapid 
filtration performed better when flocculated water was used. Both 
groups used laboratory model sand columns for their studies. Using a 
small-scale pilot sand filter Robeck et al. (1962) confirmed the above 
finding that sand alone was erratic in its removal of poliovirus 1 but 
with a well-mixed dose of alum more than 98$ of the virus was 
eliminated.
In practice, though, a biologically active filter mat,
Schmutzdecke, forms in the top layer of the sand and this helps improve 
water quality as well as removing suspended matter and bacteria 
(Hutchinson & Ridgway, 1977? Poynter, 1968). But the efficiency of 
Schmutzdecke to remove viruses is still to be investigated (Poynter, 1968).
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d. Activated Carbon Filters
These filters remove tastes and odours as well as physically
adsorbing bacteria and viruses. Physical binding of viruses to
activated charcoal was demonstrated by Carlson et al. (19U2) who
injected the poliovirus-impregnated charcoal into experimental mice
and they all developed paralysis, while the filtrate had less virus.
Sproul (1968) studying the adsorption of T2 and poliovirus 1, in a
continuous-flow column of activated carbon concluded that there was
competitive adsorption between organic matter and viruses; thus viruses
were not completely eliminated. Cliver (1971) confirmed the virus-
32binding capacity of carbon by using P-labelled poliovirus 1.
B. Wastewater Treatment
Domestic and industrial wastewaters may or may not be subjected 
to some form of treatment before disposal. The various treatment 
methods and steps remove some or a great percentage of the viruses 
found in the raw sewage as will be discussed in the following sections.
a. Primary Settling
Before applying any treatment to raw sewage the floating matter 
in it is degritted and the suspended matter allowed to settle in 
primary settling tanks (Genetelli, 1971). Clarke et al. (1961) found that 
about £0$ of the suspended solids settled within 3 hours but it took 
2I4. hours to remove 26-55$ of poliovirus. The average retention time, 
in practice, in a primary settling tank being about two hours, there is 
hardly any removal of viruses, as reported by Gilcrease & Kelly (195U), 
Kelly & Sanderson (1959)? England et al. (1967)? and Shuval (1970). 
Monitoring removal with f2 coliphage Sherman et al. (1975) concluded 
that only 37.5$ of the coliphage was settled in those tanks.
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b. Trickling Filters
The functioning of the trickling filters depends upon the 
biologic activity and succession of microorganisms making up the 
slime on the gravel beds. These microorganisms live on the 
organic matter and other organisms found in the settled sewage, 
thus purifying it. Gilcrease & Kelly (195U) and Ware & Mellon (1956) 
reported that about 90-97$ of coliforms were reduced during the 
process and Kampelmacher & Nourle Jansen (1970) found 90$ reduction 
in the salmonella population. Virus reduction on the other hand was 
less good. In the studies of Gilcrease & Kelly (195U) the reduction 
of Coxsackie A was 60$; Kelly & Sanderson (1959) found U0$ less 
number of plaques; while Malherbe & Strickland-Cholhnley (1967a) 
found no significant reductions of enteroviruses and reoviruses.
The efficiency of trickling filters to remove f2 coliphage was 
9.0-18.9$ (Sherman et_al., 1975)* but 70$ of BOD was removed 
(Shuval, 1970).
c. Activated Sludge Treatment
This process depends on microorganisms active in changing 
the chemical constituents of the wastewater and activated sludge 
treatment appears to remove far greater number of pathogens, solids 
and chemicals from the influent than any other process.
The laboratoiy scale continuous-flow activated-sludge unit 
employed by Clarke et al. (1961) removed 90$ of poliovirus 1 and 
98$ of Coxsackie A9 when operated with 600-U000 ppm solids.
Coliform and Streptococci removal in the same plant was 97$ and 
96$ respectively. Increased aeration time improved virus removal.
Balluz et al. (1977) also using a model activated-sludge plant, 
agreed-with the above and reported that 85$ of the poliovirus 
was associated with solids aiid removed by settling. With con­
tinuous inoculation of a model plant Malina et al. (197U) con­
sistently obtained over 98$ reduction in poliovirus.
In the field, virus removal by activated sludge is not so 
good. Reports vary from 90% decreasing (Mack et al., 1962) to 
76-90% removal of enteroviruses from sewage in Santee, Calif., 
(England et al., 1967), while Balfi et al. (1970) detected no 
removal.
d. Waste Stabilization Ponds
These are shallow open channels in which raw or partially 
treated sewage is allowed to be degraded by bacteria and algae. 
Pathogen removal depends on the retention time in the pond.
.Marais (197U) achieved 90-9$% reduction in faecal coliforms with 
£-7 days retention time. The same degree of reduction in coliforms 
was obtained by Shuval (1970) in 20 days. The efficiency of virus 
removal in Shuval ls studies varied between negative to 95 • 5% with 
an average of 67.5$. The studies of Malherbe and Strickland-Cholmley 
(1967b) show some reduction in enterovirus and reovirus titres 
recovered from a series of maturation ponds.
e. Septic Tanks
These are reservoirs usually constructed for single or small 
groups of private properties to receive household wastewater. The 
solids settle down and the anaerobic conditions of the reservoir 
provide the appropriate microbial population for the digestion of the
organic matter. The effluent from an overflow is allowed to 
percolate into the soil (MeGarry, 1977). Very little is known 
about the survival and/or destruction of viruses in these anaerobic 
conditions and the effluent, or even if it contains any pathogens 
which may contaminate ground water after percolation through 
the soil. Studies of Schaub and Sorber (1977) with tracer f2 and 
. indigenous enteroviruses indicate that such contamination does take 
place. It is obvious that the type of soil through which percolation 
takes place has an important role to play in adsorbing virusesj 
Lance et al. (1976) could remove h logs of poliovirus 1 added to 
effluent by passing it through calcareous sand.
3. Minimal Infective Dose
The various water and wastewater treatment processes do not
completely remove viruses, and the few that escape may still present
a health hazard especially in the case of renovated water. Flotkin
& Katz (1967) in their classical article give enough evidence to prove
that the minimal infective dose for poliovirus is one; i.e. one
poliovirus particle that is capable of producing infection in a
susceptible cell culture is also capable of producing infection in man.
This phenomenon may very well be true also for other enteroviruses, and
particularly for infectious hepatitis for which the infectious agent
is not yet isolated so it cannot be subjected to experimentation.
Bacteria on the other hand have to be consumed in larger numbers in
order to produce disease (KLne & Lowe, 1971)5 Hornick & Woodward (1967)
7found that an oral dose of 1 x 10 salmonella particles were required
to cause disease in 50$ of volunteers. Other reports confirm this 
finding that the minimal infective dose for Salmonella is not less 
that 10^ bacteria in experimentally infected volunteers (Feachem 
et al., in press), but they also present the argument that in 
endemic areas the infective dose for Salmonella mav be 100-1000 
bacteria.
All the foregoing lead to the conclusion that removal and 
destruction of viruses, especially in wastewaters, should be better 
developed than it is in order to ensure the safety of our waters.
The solution to this may be disinfection, possibly with chemicals.
XV Disinfection
A. Disinfectants
1. Physical Disinfectants
•For water and wastewater disinfection several physical and 
chemical methods are used, of which halogenation is the most 
practised. Of the physical sterilization methods heat and.desiccation 
are applied mainly to sludges in an attempt to dry, cake and disinfect 
the sludge solids before disposal. Pasteurizing fresh or digested 
sludges at 80°C proved to inactivate enteroviruses and Salmonella 
(Foliguet & Doncoeur, 1972) but fungal and bacterial spores need dry 
heat for complete destruction (Borick & Pepper, 1970).
The synergistic action of ultrasound with disinfectants, 
particularly ozone, has been studied by Burleson et al. (1975)* Dahi 
(1976) and Katzenelson et al. (I97b)» The explanation for the influence 
of ultrasonics was that it broke up clumps of microorganisms (Berg et alQ, 
196U) thus making the disinfectant more efficient and smaller doses of
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it were required.
In certain fields, like the preparation of drugs and foods , 
where chemical inactivation may not be desirable, irradiation has 
been used instead. This has led to the investigation of various 
forms of irradiation, mainly gamma and ultraviolet, for the dis­
infection of water and effluents. Ultraviolet irradiation was 
first used in 1910 in Marseilles to treat water inoculated with a 
variety of pathogens and disinfection was achieved within a few 
seconds of exposure. Some small water treatment units designed to 
use UV were established only in areas where the volume of water to be 
treated was small and the water was relatively clean (Jepson, 1968). 
Bacteria, viruses and bacteriophages were all inactivated by ultra­
violet radiation, possibly by the alteration of their nucleic acid 
constituents, which prevented subsequent reproduction (Oliver &
Carey, ’ 19765 Taylor et al., 19f>7). Carlson et al. (19U2) examined 
the relationship between radiation path and depth of irradiated 
sample upon the extent of inactivation of poliovirus, and these factors 
were found to be inversely related to inactivation.
The main advantages for using irradiation for water treatment 
are that , there are no problems with added tastes and odours and no 
reported danger of toxic by-products. Bat these advantages are heavily 
counterbalanced by the higher initial cost in equipment and maintenance, 
use of ultraviolet radiation only when raw water is of fairly good 
quality, and most important disadvantage, that UV treatment does not 
have any residual as protection against secondary contamination 
(Vajdic, 1970).
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Gamma irradiation with cobalt-60 can be used for treating 
effluents intended for reuse* mainly in agriculture. Apart from 
killing microorganisms* gamma irradiation was also found to break 
down organic matter suspended solids and detergents* and preventing 
growth of a3.gae for a long time (Woodbridge et al.* 1972)* rendering 
the effluent safer for reuse. Again in the case of gamma irradiation 
there is no residual for protection against secondary contamination.
2. Chemical Disinfectants
A great number of chemicals* mainly oxidizing agents* have 
been used to inactivate pathogens in circumstances ranging from 
disinfection and fumigation of operation theatres* disinfection 
of water and equipment in the drug* vaccine and food industries* 
sterilization of contaminated material from microbiology research 
centres * to the disinfection of municipal water supplies and waste­
waters. Except halogens most of these chemicals have to be used 
in such large doses in order to achieve the level of inactivation 
desired* that they are not practical for water and wastewater treat­
ment. Obviously the rate and extent of inactivation depend on the 
nature of the pathogen* concentration of disinfectant* contact time 
and contaminants in the medium. Alcohols* phenols* formaldehyde* 
ethylene oxide and (3-propiolactone are some of the inactivating 
agents used for various purposes.
The action of metallic salts (AgNO^  and HgCl^ )* phenol and 
an emulsified disinfectant on B. paratyphosus and B. anthracis spores 
was examined by Chick (1908) to establish laws governing chemical 
disinfection. Her studies demonstrated that:
1. the disinfection of anthrax spores obeyed 
the equation for a unimolecular reaction*
2. disinfection of B. paratyphosus exhibited a 
mixture of susceptible and resistant organisms 
within a population*
3. disinfection is influenced by temperature. 
following the
T0 n^
Arrhenius equation* A =    log —-- *
^0"*^n ^0
U. the relation between concentration of disinfectant
and mean velocity of disinfection is logarithmic*
5. in disinfection with metallic salts the
disinfecting agent is the metallic ion.
Disinfection of viruses of veterinary importance is a problem 
faced by veterinary virus research laboratories where thorough dis­
infection is imperative to prevent infection of susceptible experimental 
domestic and wild animals. Evans et al. (1977) reported the action of 
nine disinfectants on eight viruses representative of the major virus 
groups. They conducted the experiments in artificial hard water at 
]4°C and in the presence of $% yeast suspension as organic matter. The 
contact time allowed was 30 minutes. Various degrees of sensitivity 
were exhibited by the different viruses* but 2% gluteraldehyde* 1% 
chloros and 0.1$ peracetic acid were found to inactivate all eight. 
Sellers (1968) found 5 logs reduction in the titre of M D  virus in 
l£ seconds with acids and alkalis* while SVD virus was not so effected 
(Herniman et al. * 1973). Phenols were slow in inactivating M D  virus
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(Sellers* 1968)* while 6 logs of porcine adenovirus were inactivated 
with 1$ phenol by Derbyshire and Arkell (1971). The same authors 
also reported over h logs inactivation of Talfan and porcine adeno­
virus type 2 by NaOH* 0C1 * formaldehyde* K^MnO^ and ethyl alcohol.
Peracetic acid was first used by Greenspan (l95l) in aerosols 
as antibacterial and antifungal agent. Its sporicidal behaviour 
was reported for B. subtilis (Jones et al., 1967) and B. mesentericus 
(Sprosig et al., 1967). More recently spores of B. anthracis were 
killed using 7.8^ 1 of 3$ peracetic acid in water for 1 sq. meter of 
soil (Hussaini* 1976).
The virucidal action of peracetic acid was first reported by 
Kline & Hull (i960). A O.Oli.$ ,aqueous solution of peracetic acid 
killed 7.5 logs of poliovirus 1 in 5 minutes. Solutions of peracetic 
acid in alcohols like 21-propanol* ethanol and methanol* were more 
.effective in inactivating poliovirus 1 and Coxsackie B2 than the 
aqueous solutions (Sprossig & Mucke* 1969) probably indicating 
synergistic action. In concentrations of 0.05$ and 0.1$* peracetic 
acid has proved to be suitable for sterilizing serum and media to 
be used in mycoplasma cultures (Wutzler* P. et al., 1975) instead of 
the cumbersome filtration techniques. To date there has been only
Uzste.uatt.r-
one report about peracetic acid being used as aJdisinfectant* and 
that is for the disinfection of an abattoir waste (Meyer* 1975).
A concentration of one percent for 30 seconds was found optimal for 
at least 3 logs reduction in the titres of B. subtilis, Staph. aureus 
and Streptococcus faejalis.
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Halogens* particularly chlorine, have been used for the past 
90 years as water and wastewater disinfectants. While chlorine is 
used mainly for the disinfection of water supplies* bromine is used 
for swimming pools and iodine for emergency disinfection of small 
water sources as in temporary military camps. The first extensive 
study on the action of free chlorine on various pathogenic bacteria 
was done by Butterfield et al. (19U3). They established that long 
contact times* low pH and temperatures between 20-30*Cincreased 
bacterial kill* and that the sensitivity of the various bacteria 
differed at the different pH values; these were in accord with the 
Chick's laws of disinfection .
Inactivation of the agent of infectious hepatitis and polio­
virus in water was attempted by Neefe et al. (19U7) and Ridenour & 
Ingols (19U6) using animals and volunteer subjects. But it was not 
until the development of the plaque assay method by Dulbecco & Vogt 
(195U) that accurate quantitative assays on the disinfection of 
viruses could be performed.
The inactivation studies of Weidehkopf (1958) indicated that 
at pH's 6 and 7 poliovirus survival dropped rapidly during the first 
minute of contact with chlorine and then there was a gradual die-off. 
But at pH 8.5 the log % survival:contact time ratio was linear; he 
gave no explanation for this variation. While only 5 minute contact 
time was sufficient for complete inactivation of poliovirus 1 with
O.U mgm/l chlorine at pH 6.0* at pH 7.0 0.53 mgm/l Cl^  required 
5 minutes contact time* and at pH 8.5 the same level of chlorine 
required .30 minutes to achieve the same degree of inactivation.
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Comparing the relative resistance of viruses to chlorination 
Clarke & Chang (1959) concluded that Theiler virus was more resistant 
than Coxsackie virus A2 which in turn was more resistant than polio­
virus 1. This deduction was by comparing their own studies with 
Theiler and Coxsackie viruses with those of Weidenkopf with polio­
virus 1* but Clarke & Chang used the animal test while Weidenkopf 
used plaque assay to assess virus survival.
Variations were also reported in the relative resistance of 
different strains of a virus (Kelly & Sanderson* 1958). In these 
studies conducted in buffers at various pH's and 25°C poliovirus 1 
strain MK500 was found to be the most resistant. Liu et al. (1971) 
compared the resistance of 20 enteric viruses to 0.5 mgm/l chlorine 
in estuarine water at 2°C and 22°C. They reported that poliovirus 
2 was the most resistant* requiring 1*0 minute contact time for 
99o99$ inactivation. These two sets of reports may imply that the 
resistance or sensitivity of an enterovirus is the result of the 
various experimental conditions as well as the particular strain of 
the virus.
When the need of an indicator virus became prevalent* one 
coliphage of choice* f2* was tested for its sensitivity to disinfection. 
Scarpino et al. (197U) fouidit to be less resistant to hypochlorous 
acid (HOCl) than poliovirus 1 or Coxsackie virus A9 in phosphate 
buffer pH 6 and 5°C. But f2 exhibited more resistance to combined 
forms of chlorine (Shah & Me Garnish* 1972). The authors do not give 
any explanation for their observation* but it is possible that change 
of pH brings about ionic changes in the viruses which make them more 
or less susceptible to the various chlorine species present.
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. Chlorination of wastewater started as early as that of drinking 
water, in an attempt to combat obnoxious odours. In later years it was 
also used to control flies, bulking of activated sludge, filter ponding 
(clogging), reducing BOD and foaming (Chamberlin, 19U8). All this is 
possible because chlorine prevents growth of microorganisms and algae 
which clog filters, or on which flies fed, and BOD is reduced because 
of oxidation of macromolecules. The colicidal effects of halogens in 
sewage were studied extensively by McKee et al. (i960) who also made 
reference to the chemistry and demand of halogens in sewage - as the 
dosage increased the halogen demand increased slowly with time.
When considering disinfection of viruses, and also bacteria for 
that matter, in sewage and sewage effluents, one runs into the problem 
of defining these last two media. In very rare instances are the 
sewage or effluents used by various investigators similar in chemical 
composition, strength and initial levels of pathogens. The combined 
effect of these factors is variation in chlorine demand before the 
halogen is available for disinfection in its free or combined form.
The effluents from various treatment methods may exert different 
chlorine demands, therefore the various disinfection parameters used 
and the amount of inactivation achieved in wastewaters and their 
effluents will only give us guidelines to follow rather than be treated 
as absolute.
Chlorinating echovirus 9 and poliovirus 1 seeded separately in 
a high-rate filtration effluent at 20°C Shuval et al. (1966) achieved 
99.996$ reduction of echovirus in 6 hours with 5.U mgm/l applied chlorine, 
while only $0% of poliovirus was inactivated. The pH of this effluent
was 7• 7-7.8 and ammonia content 5-20 mgm/l. In a field study 
Warriner (1967) achieved 99# inactivation of poliovirus 3 in 20 
minutes with a level of 7-16 mgm/l chlorine in secondary 
effluent. The author did not make clear what the pH of the 
effluent and the ammonia concentration were before chlorination, 
neither did he make clear which type of effluent he used for his 
. studies.
Lothrop & Sproul (1969) compared the inactivation of polio­
virus 1 and T2 in settled raw wastewater and secondary effluent.
In raw wastewater chlorine requirements were high for 99*99% 
inactivation - 28 mgm/l combined chlorine residual and 30 min. contact 
time were required to inactivate T2, while poliovirus 1 required 
kO mgm/l for the same end. Secondary effluent on the other hand 
required less chlorine - 0.2 - O.U mgm/l free chlorine residual 
maintained for 30 minutes produced 100# inactivation of both viruses, 
although the chlorine doses required to achieve this free residual 
were higher (11-16 mgm/l) for poliovirus 1 than for T2 (I4.-6 mgm/l).
The coliphage f2 was used by Olivieri et al. (1971) to study 
inactivation by chlorine in autoclaved activated sludge effluent.
When chlorine was added to f2 in effluent at what they called as 
the dynamic system, below pH 5 inactivation proceeded rapidly 
resulting in 7 logs kill in 10 seconds. Between pH's 5.8-8.8 distinct 
L-shaped curves of inactivation were obtained, the greatest proportion 
of kill taking place in about 10 seconds. When chlorine was allowed 
to pre -react with the effluent for one hour before adding the coliphage 
little inactivation was achieved with no significant differences 
between the various pH!s. No free chlorine could be detected in the
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pre-reacted, system - chlorine was present in the combined form.
Their data supported the hypothesis that free chlorine is required 
for significant viral inactivation. In a field study Kruse et al. 
(1973) improved disinfection of f2 in secondary effluent by improved 
mixing at a turbulent point and acid fed to drop the pH to about 
5.5. They estimated that 20 mgm/l total residual chlorine in 
effluent under ordinary conditions is comparable to 3 mgm/l chlorine 
residual with their improved methods. The implications of this on 
the ecology of the receiving water body is obvious.
The combined chlorines formed by the reaction of chlorine 
and ammonia and organic, compounds present in wastewater are now the 
main objects of concern in wastewater disinfection. Combined chlorines 
are proven to have long lives in aquatic systems and are toxic to 
aquatic fauna (Sawyer, 1976). So, inadequate chlorination may cause 
subsequent health hazard. The other halogens in use, brcmine and 
iodine, do not present this particular problem of persistent combined 
forms. In fact bromamines are better disinfectants than chloramines 
(Johannesson, i960) and have shorter life in water* while iodine does 
not react with ammonia and nitrogenous compounds (Morris, 1971)*
Bromine has been successfully used as a swimming pool dis­
infectant. At total bromine residuals above b mgm/l Brown et al.
(1963) isolated no coliforms and no viruses from a swimming pool, 
but one sample was positive for S. faecalis. They also found that 
bromine persisted longer than chlorine and concentrations up to 
9 mgm/l did not cause eye irritation while chlorine did. Bromine 
is preferred to chlorine for swimming pool disinfection because at
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neutral pH bromine is in the form of hypobromous acid (HOBr), the 
more powerful disinfectant species, while chlorine ionizes into 
hypochlorite ion (OCl") which is less effective. Taylor & Johnson 
(197U) tested all forms of bromine in water - HOBr, NHgEr, NHBr^ 
and NBr^ - and found that five logs of inactivation of the DMA phage 
0 X 17U was achieved at pH I+.5 and 0°C using O.U mgm/l bromine. In 
waters containing ammonia chlorine is inferior to bromine because of 
the less effective and more persistent chloramines formed, while 
with bromination even NBr^ is an effective virucide (Taylor & Johnson, 
197U). The colieidal superiority of bromine over chlorine in 
activated sludge effluent was demonstrated by Sollo et al. (1973); 
bromine was more effective at higher pH’s up to pH 9. The bromamines 
also were more stable at the higher pH’s, thus more efficient.
Iodine's germicidal action has been known in medical applications, 
and it has been recommended for emergency treatment of water. Cysticidal 
and virucidal actions of iodine were studied by Chang & Morris (1933).
In their studies a dose of 8 mgm/l iodine gave complete destruction 
of E_. histolytica cysts in 10 minutes, while the reduction in enteric 
bacteria was 7.7 logs. Coxsackie virus was found to be more resistant 
than poliovirus to the various forms of iodine. This was proven also 
by Berg et al. (196U) and related to the possible number of susceptible 
active sites on the protein coats of viruses. The major problem in 
iodination is its high costs.
A comparative study on the action of the three halogens on 
viruses (poliovirus 1, 2 and 3, Coxsackie virus B3, Echovirus 2 and 9 } 
and parainfluenza virus l) by Brown & McLean (1966) showed that bromine 
concentration of 2 mgm/l was effective. A similar study by Olivieri 
et al. (1973) on the coliphage f2 revealed that the action of each
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halogen was on a different component of the virus: iodine reacted 
with the amino acid tyrosine of the protein coat thus denaturing 
it, but had no effect on the nucleic acid, bromine inactivated 
the nucleic acid but could not penetrate the protein coat, while 
chlorine inactivated the ENA core and altered the protein coat.
Lately interhalogens, and particularly BrCl, have received 
a lot of attention as possible alternative disinfectants for waste­
waters. The pioneer in this field, J, F. Mills of Dow Chemical Co., 
U.S.A., showed the less corrosive nature of the compound and its 
ease of handling. He also reported (1973b) the hydrolysis reaction 
and constant of BrCl in water and this was i|0,000 times faster than 
that of bromine - in water BrCl yielded more HOBr than bromine.
Because the by-products of BrCl in wastewaters are. bromamines, and 
these are not toxic, Mills (1973a) advocates its use as a disin­
fectant, the germicidal properties of BrCl are those of HOBr.
In the presence of 10 mgm/l ammonia poliovirus 2 was completely . 
inactivated in less than 5 minutes with b mgm/l BrCl while 5.2 mgm/l .. 
chlorine required over an hour (Schaffer & Mills, 1966). Attempting 
inactivation of poliovirus 1 in an activated sludge effluent 5 mgm/l 
BrCl achieved 5 logs reduction while 5 mgm/l chlorite inactivated 
only 2 logs (Keswick et al., 1977).
In water and wastewater treatment ozone came into use
basically to remove colour and to overcome odours by reducing the 
matter which cause them. To be used as a germicide ozone may sometimes 
prove to be expensive because side reactions - the ’ozone demand’ - may 
be great.
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The investigations of Wuhrmann &Meyrath (1955) on the 
bactericidal action of ozone revealed that this action was a 
function of contact time, concentration of ozone and temperature. 
They found that ozone required seven times shorter contact time to 
achieve 99% destruction than the same amount of chlorine, and 
ozone was 300 times more efficient in killing of B. megatherium 
cereus spores. According to Ingols & Fetner (1957), however, 
a minimum of'0.U-0.5 mgm/l ozone was required before any destruction 
of E. coli was detected; above that level there were no surviving 
bacteria. This implied a different mode of action than chlorine.
The existence of a threshold value for ozone was also reported 
by Coin et al. (196U) and Perlman (l969). Coin et al. found a 
threshold of 0.3 mgm/l and Perlman found 0.7 mgm/l beyond which 
99.99% reduction of poliovirus was obtained in h minutes. But 
Coin et al. attached more importance to the concentration of virus, 
type of water, contact time and concentration of free residual ozone. 
Apart from these another important factor affecting ozonation was 
the organic content of the system. The studies of Evison (1972) 
showed clearly the inverse relation between concentration of 
peptone and^inactivation of a bacteriophage. She also proved 
that 5 logs inactivation of the bacteriophage required Ij. times more 
ozone (0.2 mgm/l) in domestic sewage than in sterile river water 
(0.052 mgm/l) for a contact time of 16 minutes.
Using an ozone pilot plant to disinfect a secondary sewage 
effluent Bavoni et al. (1972) obtained a 100$ reduction in the 
population of f 2 coliphage in 5 minutes with an ozone dose of 
15 mgm/l (0.015 mgm/l residual). .They postulated that inactivation
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took place instantaneously at the points where ozone was diffused. 
Katzenelson et al.(197^ 1) compared the inactivation of poliovirus 1, 
coliphage T2 and E. coli. Reductions of 99$ were obtained in less
•O
than 10 seconds at 5 C-and pH 7.2 using ozone concentrations up to 
2.5 mgm/l. E. coli and T2 were found to be more sensitive to 
ozonation than poliovirus 1. In later studies with filtei&feewage 
Katzenelson & Biedermann (1976) confirmed the effect of the quantity 
of organic matter on inactivation of the viruses. The quantity of 
organic matter impeded the inactivation ability of ozone, especially 
at low concentrations of the latter. In order to maintain a constant 
residual they had ozone continuously bubbled through the system.
And although detection of free ozone residual was delayed because 
of the ozone-demand, inactivation of the virus had already started.
The ozone-demand may not be as great as the chlorine-demand of a 
water because ozone does not react with ammonia and nitrogen-containing 
compounds; thus ozone was found to be a more efficient bactericide 
(Ross et al., 1976).
The summary of advantages put forward by Kinman (1975) 
suggest that ozone is a good disinfectant, but there are cost 
considerations before it can be used. He speculates that ozone will 
never be used widely, but may have a useful potential in wastewater 
reclamation plants.
B.. Disinfectant Chemistry
1. Halogen Chemistry
When a halogen X is dissolved in water it hydrolyses to form 
an acid, hypohalous acid:
X2 + HjO B3X + X~ + H+. (1)
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The hypohalous acid ionizes in water as the pH of the system is 
raised to form hypohalite ion:
HOX ===== H+ + OX- (2)
The hydrolysis and ionization of the three halogens proceed at 
different rates at different pH's. The relative amounts of HOX 
. and OX present depend on the acidity, ionization constant K^on 
and temperature. For a given temperature this relation is 
expressed ast
K.ion
brackets indicating molar concentrations of the different species.
K. for chlorine in water is 2.7 x 10”  ^moles/l at 25>°C. ion
+
Substituting concentrations of H ions and solving the equation 
for chlorine reveals that molecular chlorine in solution can be 
found only at pH’s below 3 and concentrations above 1000 mgm/l. 
Hypochlorous acid ionizes into hypochlorite above pH 6 and above 
pH 9 only hypochlorite ion is present (Fig. 2.1). This pattern is 
shifted to the right for bromine.
The ionization constant K. for hypobromous acid at 2£°Cion
is 2 x 10"9 moles/l and it predominates below pH 8.7. At the 
natural pH’s of water iodine does not ionize and is found in its 
molecular state below pH 8 and hypoiodous acid HOI above pH 8 
(Kruse etal., 1971).
k] k]
[hox]
(3)
% 
HO 
Cl
- 55 -
100
90
80
70
60
50
20 C
Uo
30
20
10
10
20
30
UO
50
60
70
80
90
100
7 8 
pH
10 11
Jig. 2.1. Relative amounts of H0C1 and OCl" present in
water at various pH values (from Fair et al, 19U7)•
TOO
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Hypochlorous and hypobromous acids react with the ammonia 
present in the medium to form combined forms - chloramines and 
bromamines :
nh3 + HOX nh2x +. h2o (U)
nh2 + HOX ^ — > nhx2 + h2o (5)
■'NHX2 + HOX — r- m 3 + H20 (6)
The type of halamine formed is dependent on the halogen:ammonia 
ratio (McKee et al., I960), but more so on the pH of the solution. 
When the Cl^sNH^ ratio (by weight) is less than 5:1 reaction U 
takes place, i.e. monochloramine is formed. When this ratio 
rises to 10:1 dichloramine, reaction 5, is formed^ up to a ratio 
of 15 to 20:1 reaction 6 takes place converting all of the ammonia 
into nitrogen trichloride, NCl^. Any amount of chlorine above 
that ratio produces free chlorine in the system. This is illustrated 
in Fig. 2.2, the ’breakpointf curve (Palin 1950a) at pH 7.5* 2 hours 
contact time and in the presence of 0.5 mgm/l ammonia. This pattern 
is obtained at neutral pH and in the presence of ammonia as the only 
nitrogenous material. The figure can be divided into three: sections: 
the first section is up to the peak A when mainly monochloramine can 
be detected. As the chlorine dose is increased in the following 
section, total combined chloramines decline to the point B, the 
’breakpoint’. The loss of available chlorine in this section is 
due to decomposition of NHC19 and HHgCl as in reactions (7) and (8). 
Free chlorine is detected only after the ’breakpoint’ along with 
some nitrogen trichloride.
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Jig. 2.2. Chlorine dose-residual curve at pH 7.3-7*5 after 2 
hours’ contact. Initial ammonia 0.5 mgm/l (N). 
(From Palin, 195>Oa).
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Breakpoint chlorination ensures oxidation of all the 
ammonia present, and produces free chlorine residual, rendering 
the water bacteriologically safe (Palin, 197b). But the dis­
advantage of this method is the production of a nuisance residual,
A
NCl^, especiallyjthe pH of the water is low.
As mentioned above the reactions of chlorine with ammonia 
are pH-dependent. Increased acidity and increased C1:NH^ ratio 
favour the highly substituted derivatives of ammonia (Palin, 191?Ob)I 
thus in solutions with pH 8.5 and above only monochloramine is 
formed,; below pH b*h NCl^ is formed with a trace of dichloramine, 
while between pH’s I4..8 and 8.5 a mixture of mono- and dichloramines 
exist in a ratio depending on the pH, at pH 5 this ratio being 1:1. 
Both mono- and dichloramines gradually decompose to release nitrogen
2NH2C1 + HO Cl ^ N2 + .3HC1 + H20 (7)
2NHC12 H2 + 2HC1 + Cl2# (8)
Apart from nitrogen, nitrate is the other final product from the 
oxidation of ammonia. Production of nitrate is connected with the 
appearance of dichloramine when the C1:NH^ ratio is 7.6:1. An 
intermediate chlorhydroxylamine is formed before nitrate according 
to the reactions:
NHC12 + H20  ► NH(0H)C1 + HC1 (9)
NH(0H)C1 + 2H0C1 ----► HN03 + 3HC1. (10)
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The relation between chlorine and nitrogenous organic 
matter, like proteins and amino acids, found in waste water is 
similar to that of ammonia: chlorine reacts with the amino 
group farming mono- or dichloro derivatives of the compounds.
The number of available amino groups on a proteinaceous matter 
will govern its chlorination. The stability of these chlorinated 
.compounds are variable and their decomposition reactions complex 
(Palin, 195Ob). Waters containing a mixture of ammonia and 
organic matter do not display the typical dip of the ’breakpoint’ 
chlorination but a plateau. This was shown by Palin (1950a) for 
various amino acids.
Halogens also react with inorganic matter like C, Fe, S ,
++Mn , but the products are not disinfectant in character. Halogen 
is thus lost by these side reactions which constitute the halogen 
demand of the system.
Reactions of bromine with ammonia and organic nitrogenous 
matter are similar to those of chlorine, and the brominated by­
products have various disinfectant abilities and stability. Iodine 
does not react with ammonia but reacts with some amino acids like 
tyrosine.
2. Chemistry of Bromine Chloride
When BrCl is dissolved in water the hydrolysis product is 
hypobromous acid:
BrCl + H20 5===? HOBr + HC1 (11)
Even if some hypochlorous acid (HOCl) is formed the kinetics of 
the system is such that in the presence of bromine hypochlorous 
acid is unstable and hypobromous acid is formed according to the 
reaction.
HOCl + Br" ----—  HOBr + Cl“ (12)
The solubility of BrCl in water is enhanced in the presence 
of chloride ions because the hydrolysis of BrCl is U0,000 times 
faster than that of bromine (Mills, 1973b). The reactions of 
BrCl in water are those of HOBr.
3. Chemistry of Peracetic Acid
o ’
I
In the peracetic acid molecule CH^-C-O-OH the oxygen between 
the hydroxyl ion and the first carbon is in a very active state, 
giving this acid its high oxidizing power. The reaction it under­
goes is:
0 0
i i
CH3-C-0-0H  ► CH3-C-OH + 0* (13)
This nascent oxygen is the active agent imparting the disinfecting
property of peracetic acid. The amino acids containing sulphydryl
groups, like cysteine, are bonded at their sulphydryl radicals
consequently altering the protein. For cysteine — cystine the
reaction is: NH_
NH „ . |
1;. Chemistry of Ozone
In contrast to the thorough study of the chemistry of halogens 
in water, little is known about the chemistry of ozone in water as a 
disinfectant (Peleg, 1916), Ozone is an unstable gas and at ordinary 
temperatures decomposes slowly into oxygen. The possible hydrolysis 
products of ozone are 0^9 OH* H02, 0“, Qj" and possibly 0- , according 
•to the reactions: *
03 + H20--- -—  02 + 20H (l£)
03 + OH -►. 02 + H02 (16)
OH + OH” — — ► 0~ + H20 (17)
0” + 02 - — ►  03" (18)
03   ► 02 + 0* (19)
These reactions are pH-dependent, the formation of ozonide ion 
(H02) being favoured at alkaline pH’s. The germicidal species are 
thought to be 03 and 0H~ which have similar oxidation potentials and 
similar reactions with organic matter, phenols and amino acids 
containing sulphur.
C. Mode of Action of Disinfectants
Disinfectants being strong oxidizing agents oxidize various 
components of the living cell, thus impairing their functions. The 
first investigation about the action of chlorine on E. coli. was by 
Green & Stumpf (I9i|6). They postulated that vital enzymes, especially 
triosephosphate dehydrogenase, containing sulphydryl groups were 
irreversibly oxidized^ consequently bacteria lost their ability to 
oxidize glucose and eventually died. Knox et al. (19U8) confirmed
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this postulate by drawing a parallel between the inhibition of 
glucose oxidation by chlorine and percentage of bacterial kill.
More recently Venkobacter et al. (1975* 1977) studied the bio­
chemical changes taking place in chlorinated E. coli. They reported 
a positive correlation between chlorine dose and inhibition of 
dehydrogenase activity^ ATP-ase and catalase activities were not 
affected, but there were gradual declines in the uptake of phosphate 
and oxygen as chlorine dose increased.
In the case of inactivation of viruses by chlorine or halogens 
there have so far been no reports about the chemical changes that 
take place, except for speculations on the possible mode of action. 
These speculations were later proved by Olivieri in his doctoral 
thesis (197Uj Johns Hopkins University). But this work is not 
available for consultation so it was not possible to assess it.
Kruse et al. (1971) suggest that the -SH groups on the protein 
coats are oxidized, denaturing it and preventing infectivity. An 
extensive study on the action of the three halogens on the f2 
coliphage and its ENA was reported by Olivieri et al.(l975)«
They showed that iodine had no effect on the ENA isolated from the 
coliphage but the intact coliphage was inactivated at a level of 
50 mgm/l iodine and l£ minutes contact time. The iodination site 
was proved to be the amino acid tyro sine on the protein coat. The 
denatured or oxidized protein possibly lost its ability to attach 
to the host cell or, if attached, failed to infect it. Unlike 
iodine bromine did inactivate the naked ENA but how bromine penetrates 
the protein coat is not understood. Chlorine attacked both protein 
and nucleic acid.
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Radiation in general causes photochemical destruction 
of the nucleic acids. The resulting dimers impair the reproductive 
mechanism of the living organism. Peracetic acid and ozone 
probably act through the liberation of an active oxygen radical 
which may react with any component of the cell or the virus.
Ozone is also thought to attack the cell membranes and alter their 
•permeability (Scott & Lester, 1963). The result is leakage and 
death of cells. In viruses the possible site of inactivation is 
the amino acid tyrosine on the protein coat (Poynter et al., 1973).
¥. Health Hazards Associated With Water Re-Use ^
Public health and sanitation authorities are now aware that 
chemical treatment of wastewater has resulted in undesirable and 
sometimes toxic and hazardous by-products. Apart from faecal 
matter which contain pathogenic and non-pathogenic microorganisms 
raw sewage also contains household chemicals like detergents and 
insecticides, while industrial effluents may contain highly 
undesirable waste.
Analyses on various domestic sewages have been reported 
(Heukelekian & Balmat, 1959$ Painter et al., 1961; Painter, 1971). 
Besides ammonia, nitrates and phosphates wastewater also contains 
various carbohydrates, fats, proteins, volatile and non-volatile 
acids, and other cell products both in the solid and liquid 
fractions of sewage and effluent. The overall picture presented by 
these components determines the strength of the sewage, which is 
measured by simplified chemical tests like biological oxygen demand 
(BOD), chemical oxygen demand (COD), total organic carbon (TOC) 
and total nitrogen (Kjeldal). Microorganisms in sewage gradually
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degrade these cell components and this feature is utilized in the 
activated sludge process.
Wastes from industries are varied, ranging from wastes from 
food industries, which are similar to domestic wastes, to complex 
chemical wastes. Although the discharge of chemical wastes into 
public water bodies is under strict control, nevertheless some do 
escape and toxic material may reach the final effluent. Many of 
these chemicals are non-biodegradable and affect the proper 
functioning of biological treatment plants.
Chemical disinfection, particularly chlorination, has 
aggravated this situation because chlorinated by-products are 
now found to be toxic to aquatic life and persist in water for long 
periods. Chlorination of grossly polluted and coloured raw waters 
containing humic acid has resulted in the formation of haloforms 
(Rook, 197U). The physiological effects of these haloforms - 
CHCl^ 3 CHCl^Br^ CHClBr^ and CHBr^ - are unknown but their car­
cinogenicity in laboratory animals have been reported (Ward, 197U).
Bioassays on fish (Zillich, 1972) using chlorinated waste­
water effluent demonstrated that cyanogen chloride and chloramines 
were toxic to rainbow trout, minnows and other fish at concentrations 
as low as 0.08 mgm/l. Detoxification of the effluents by the 
addition of thiosulphate was successful. Comparative studies on 
the toxicity of chlorine, bromine chloride and ozone by-products 
on fathead minnows (Ward & DeGraeve, 1978) showed that concentrations 
as low as 0.033 mgm/l in effluent retarded the growth of fish, and
O.Oij.5 mgm/l of residual chlorine was lethal. The fish developed a
tolerance to bromine chloride and non-acclimated fish were 
killed when exposed to it. Toxic effects of both chlorine and 
bromine chloride could be eliminated by neutralizing with sulphur 
dioxide . Long-term exposure of fish to 0.016 mgm/l ozone did 
not affect survival, growth or reproduction.
It is difficult to assess the toxicity of chlorinated 
by-products to humans. Many of the organohalides are carcinogenic 
to laboratory animals at levels of chlorine usually applied to water 
and wastewater. Their effects on humans can only be extrapolated 
from measurements in animals and fish (Ongerth et al., 1973)3 and 
these effects are uncertain.
Application to land of chlorinated or non-chlorinated waste­
water is just as hazardous as their dumping into a water body.
Pathogens, particularly viruses, may survive for a long time or 
reach groundwaters, as discussed previously, or survive on vegetables 
(Mann et al., 1978) if the effluent is used for irrigation or the 
sludge as fertilizer (Bernarde, 1973).
Whether intended for reuse as drinking water or in 
agriculture, disinfection of effluents has to be carefully considered 
not only from the point of view of transmissible pathogens but 
also from the point of view of toxic and carcinogenic material in 
the resultant water. Already parallels have been drawn between 
chemicals in drinking water and mortality from cancer (Page et al., 
1976). During the last ninety years chlorine has provided excellent 
service to public health by controlling transmission of pathogens 
through water, but its increased use to achieve higher-standard 
water has resulted in adverse and undesirable components (Larson, 1976).
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This study was undertaken to understand under what parameters 
could chlorine be used efficiently in disinfecting municipal 
effluents, and to investigate the effects of other disinfectants 
on representative ENA-viruses: poliovirus 1 and f2 coliphage.
MATERIALS & METHODS
I Effluent Samples
Final activated-sludge-effluent from the Guildford Sewage Treatment
Plant was collected into gallon containers and frozen at -8°C. About a
litre of the effluent was retained and the following chemical tests were 
conducted on it: determination of pH, suspended solids, biochemical oxygen
d e m a n d  (BOD), chemical oxygen demand (COD), and ammonia concentration. 
Details of these tests will be given later. These tests were repeated -,'fj 
after thawing the effluent.
The evening before an experiment a gallonful effluent was thawed 
out in a sink-full of water at room temperature. This batch of effluent 
was used on only two consecutive days, in order to avoid the consequences 
of the inevitable changes in its chemical nature (Painter 1971)• Before 
an experiment the small amount of solids that had settled were resuspended 
into the fluid, the pH was determined and adjusted to that required.
II Disinfection Experiments
1. Test Vessels Layout
One hundred or 300 ml portions of the thawed effluent were dispensed 
into I4.OO ml glass beakers. The latter were placed in a water bath and 
left for about an hour to equilibrate to the desired temperature. A 
maximum of six beakers were used for each experiment. Beaker 1 was named 
’disinfectant control’ vessel; it contained 300 ml of effluent and
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enough disinfectant to correspond to the highest experimental dose of 
disinfectant used for the test. This beaker received no virus and 
chemical titration of the disinfectant was conducted on it, hence the 
requirement for a larger volume of effluent than the others. Beaker 
2 was termed ’virus control’ and contained 100 ml of effluent to which 
one ml of virus was added (either f2 coliphage or poliovirus l). This 
vessel received no disinfectant. The rest of the beakers had each 100 ml 
of effluent, 1 ml of virus and varying doses of disinfectant.
The beakers were covered with foil and fitted with glass stirrers 
which were driven by an overhead variable speed stirrer (Citenco type KQRS), 
a series of pullies and a drive belt (Figures 3.1 and 3.2). The speed 
of the motor was arbitrarily adjusted to 100 rpm. The overhead stirrer, 
when turned on, created a vortex in each vessel, thus when virus or/and 
disinfectant was added, it was immediately dispersed into the system, 
and the contents of the beakers were kept stirring throughout the 
experiment which ran for 30 minutes.
2. Disinfection Procedure
A calculated amount of a disinfectant from a stock solution was 
added to.the ’disinfectant control’ beaker. An appropriate sample of 
the effluent was removed immediately and the concentration of disinfectant 
titrated by the pertaining method. After the level of disinfectant in 
the control vessel was determined at 1 minute, a calculated amount was 
added to the experimental beakers in order to achieve the desired levels 
of disinfectant. Titration for residual disinfectant was conducted also 
at 30 minutes.
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Fig. 3.1. The experimental setup.
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Fig. 3.2. Schematic diagram of the experimental setup
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One ml of poliovirus 1 or f2 coliphage was added to each of 
'Virus control* and experimental beakers at a concentration adjusted 
to give in the effluent a titre of about 1 x 10^ pfu/ml in the case 
of f2 or 1 x 10^ TCID^q/itlL in the case of polio 1. Then the calculations 
amounts of disinfectant were added and. this was taken as zero time.
Five ml samples were removed from each beaker at 5 and 30 minutes after 
the. start of the experiment. . These samples were pipetted into bijoux 
bottles containing two drops of Na^S^O^ at a concentration of 30mgm/ml. 
This amount of Na^S^O^ was in excess to neutralize the highest level of 
disinfectant used. A few drops of chloroform were put with the samples 
to destroy any bacteria naturally present in the effluent. The samples 
were stored at U°C until assayed for virus.
Ill Cell Cultures
1. Cell Culture Media
a. Growth Medium
10$ v/v Medium 199 10x (Wellcome Reagents Ltd.)
5$ n Newborn Calf serum (Flow Laboratories)
2.5$ " k»h% NaHCO^ with 0.001$ Phenol Red
(Wellcome Reagents Ltd.)
200 units/ml Penicillin (Crystapen - Glaxo
Laboratories Ltd.)
100 {ig/ml Streptomycin (Glaxo Laboratories Ltd.)
Q.S. 100 ml sterile deionized water
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Maintenance Medium
10$ v/v Medium. 199 10k  
2$ n Newborn calf serum
5$ " k.h% NaHC03
200 units/ml Penicillin 
100 p,g/ml Streptomycin 
Q.S. 100 ml sterile deionized water
Dilution Medium
10$ v/v Medium 199 10k
2.5$ " k.k% NaHC03
200 units/ml Penicillin
100 (ig/ml Streptomycin
Q.S. 100 ml sterile deionized water
Freezing Medium
Growth Medium with
10$ v/v Newborn calf serum
7.5$ u Dimethyl sulphoKide (Analar - BDH)
Phosphate Buffer Saline - PBS - pH 7.3 
Solution A:
8.0 gm NaCl (BDH Chemicals Ltd.)
0.2 gm KCi " " ”
1.15 gm Na2HP0^ " " ,r
0.2 gm ,r " ”
800 ml deionized water
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Solution B:
0.1 gm GaCl^ (BDH Chemicals Ltd.)
0 .1 gm MgCl2.6H20 n . n tr
The two solutions were autoclaved separately and 
mixed aseptically before use.
f-Versene-Trypsin Solution
Freeze-dried trypsin (1:300) (Wellcome Reagents Ltd.) 
was reconstituted in 10 ml sterile deionized water. It was 
stored frozen in 1 ml quantities. When needed 1 ml Trypsin 
was added to 100 ml Versene solution (1:5000) (Wellcome 
Reagents Ltd.).
All working solutions were stored at i4°C.
2. Growth of Cells
African green monkey (Cercopithecus aethiops) kidney cells (VER0) 
were used. Stock cells held in ampoules at -196°C were thawed at 37°C 
and suspended in 7.5 ml growth medium in 2-oz bottles. The bottles were 
incubated at 37°C for several days before subculture by the conventional 
technique. The, old medium was poured off, the monolayer washed with 5 ml 
PBS at 37°C and 1 ml of Versene-Trypsin solution at 37°C added. The 
stripped cells were suspended in fresh growth medium i± times the original 
volume and 7.5 ml portions were incubated in 2-oz bottles at 37°C. The 
cells usually formed a monolayer in 3 days, when they were suitable for 
studies of viral growth or assay, and for preparation of stocks of frozen 
cells.
3. Storage of Cells
Three-day monolayers of confluent cells were washed with PBS, 
stripped with Versene-Trypsin, and each cell harvest was resuspended 
in 10 ml growth medium. The cells were centrifuged at 1000 x g for 
8-10 minutes. The supernatant fluid was poured off and the cells
resuspended in a 2-3 mis of freeze medium. The concentration of cells
, ’ 6 
was counted in a haemocytometer and the value adjusted to about h x 10
cells per ml. Half ml portions of the final cell suspension were dis­
pensed into sterile ampoules which were then sealed by flame. The ampoules 
were first refrigerated at U°C for two hours, then frozen at -20°C over­
night, and finally stored in a liquid nitrogen container.
1;. Preparation of Stock Cultures of Poliovirus 1
VER0 cell cultures with uniform monolayers of cells were selected. 
The medium was poured off and the culture was inoculated with 0.5> ml 
of stock Poliovirus type 1 LS-c 2ab obtained from the laboratory culture 
collection. After incubation at room temperature for 30 minutes, to allow 
virus to adsorb onto the cells, 7 nil fresh maintenance medium was added 
and the cultures were incubated at 37°C. When cytopathogenic effects were 
optimum, on day 3, the cultures were subjected to three successive periods 
of freezing at~20°C followed by thawing at 20°C. The final fluid was 
centrifuged at U000 x g for 10 minutes to remove cell debris and the 
supernatant containing the virus was frozen at -20°C in 3-ml portions 
until required.
* Sabin attenuated vaccine strain.
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5. Assay of Poliovirus 1 by the Microtitre Assay Method
Uniform monolayers of 3-day old vero cells were washed with PBS 
and stripped with Versene-Trypsin as described before. The cells from 
each bottle were resuspended in l£ ml growth medium containing double 
the normal amount of serum. Two drops of cells were put into each well 
of Microtitre (Sterilin Ltd.) plates with a 5>0-dropper pippettej thus 
each well received O.Oi; ml of cells.
Stock poliovirus 1 or experimental samples were diluted by 
several 10-fold steps in dilution medium, and 2 drops of the appropriate 
dilutions were added to the wells containing the cells. Eight wells 
were inoculated for each dilution. The plates were sealed with sellotape 
and incubated at 37°C. The cells were observed for the development of 
cpe and the number of infected wells per dilution were-recorded. The 
titre of the original sample calculated by the method of Reed and Muench 
(1938).
IV Cultivation of E. coli and Coliphage f2
1. Media for Cultivation of Escherichia coli and Coliphage f2
a. Tryptone Soya Broth (TSB)
3 gm Tryptone soya broth (Oxoid)
100 ml Distilled water 
Autoclaved for 1$ minutes at V~> psi.
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b. Tryptone-Yeast Extract Medium (TYE)
10 gm Tryptone (Oxoid)
1 gm Yeast Extract (Oxoid)
8 gm NaCl (BDH Chemicals Ltd.)
1000ml Distilled water
Autoclaved for 30 min. at 15 psi.
Added aseptically:
5 ml 20$ glucose (BDH Chemicals Ltd.)
11 ml 0.5M CaCl2 (BDH Chemicals Ltd.)
1 ml 10 mg/ml Thiamine HC1 (BDH Chemicals Ltd.)
c. Dilution Fluid
0.3 gm NaCl
1.0 gm Peptone (Difco)
1.0 ml 0.5M MgS0^.6H20 (BDH Chemicals Ltd.)
10.0 ml 1M Tris-HCl pH 7.8 (BDH Chemicals Ltd.)
990.0 ml Distilled Water
Autoclaved for 15 min. at 15 psi in 100 ml portions. 
Soft Overlay Agar
8.0 gm Bacto Nutrient Broth (Difco)
6.5 gm Standard Agar (Davis)
5.0 gm NaCl
1000 ml Distilled Water
Autoclaved for 30 min. at 15 psi and divided into 
sterile 100-ml bottles.
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e. Lawn Agar
10.0 gm Tryptone (Oxoid)
5.0 gm Yeast Extract (Oxoid)
5.0 gm NaCl
1.0 gm Glucose (BDH Chemicals Ltd.)
1.0 1 Distilled Water
Dissolved and the pH adjusted to 6.8-7.2 with 
IN NaOH. Ten gm Davis Standard Agar was added and the 
medium autoclaved for 30 min. at 15 psi. After cooling 
to about 50°C in a water bath the following sterile 
solutions were added:
5.0 ml 0.5M CaCl2.2H20 (BDH Chemicals Ltd.)
5.0 ml 0.5M MgSO^^H^O (BDH Chemicals Ltd.)
The medium was mixed well and about 15 ml portions of it 
poured into sterile Petri dishes and then allowed to set.
2. Preparation of Host E. coli
The host bacterium Escherichia coli K-^Hfr, provided by the 
Metropolitan Water Board, Scientific Services Laboratory, was grown in 
TSB. A stock culture of it was prepared from a slant culture on nutrient 
agar, and for each experiment a young overnight culture was grown by 
inoculating 15 ml of TSB with 0.5 ml of stock E. coli.
.Reference E. coli were obtained from the National Collection of 
Industrial Bacteria. The f2 coliphage and the phages isolated from sewage 
were tested on both the male strain E. coli K^Hfr (NCIB 9U83) and the 
female strain E. coli B (NCIB 9I4.8I1).
3. Preparation of f2 Ooliphage
A 50-ml portion of TIE medium was put into a sterile Erlenmeyer
flask and inoculated with 2 ml of an overnight E. coli culture. The
culture was aerated by placing it in a shaking water-bath at 37°C. Two
8hours later, when the bacterial concentration had reached about 2 x 10
cells/ml, the culture was infected with f2 coliphage at a multiplicity of 5,
using seed culture provided by MWB. The flask was aerated vigorously for
another three hours by which time lysis would be completed; the suspension
became clearer and strands of broken membranes appeared floating in the
medium. Five mis of chloroform were added and the flask was left at
room temperature for 10 minutes; any remaining bacteria were thus lysed.
The cell debris was removed by centrifugation for 10 minutes at U,000 g,
and the clear supernatant fluid containing the coliphage stored at U°C
12over chloroform. The yield was around 10 pfu/ml.
k• Assay of f2 Coliphage - Soft Agar Overlay Method
Soft agar was melted, 3-ml portions dispensed into dilution tubes 
and kept molten in a water bath at l4.3°C. The stock f2 or the experimental 
samples were appropriately diluted in 10-fold series. Three drops of a 
young overnight culture of E. coli-were put into the soft agar and 0.5 ml 
of a desired f2 dilution added. The contents of the tube were mixed well 
by swirling on Rotamix (Hook & Tucker Ltd.), poured immediately onto a 
lawn agar plate and allowed to set. The plates were'incubated inverted in 
a 37°C incubator and the number of plaques counted after 18 hours.
Isolation of Goliphages from Sewage
Half ml aliquots of raw settled sewage were plated out with 
E. coli K^Hfr, as described above, and incubated overnight at 37°C.
About 60 plaques of various sizes formed* Ten single plaques, each 
of a different morphology, were individually picked off with sterile 
Pasteur pipettes and resuspended in 1 ml dilution fluid. A few drops 
of chloroform were added to each and left at room temperature for 
10 minutes. Ten young cultures, 10 ml each, of E. coli K^Hfr were 
separately infected with these isolates and bacteriophage stocks grown 
out of them. The lysates were titrated and single plaques picked ‘off 
and resuspended in 1 ml diluent. The process of growing bacteriophage 
stocks from single plaques was repeated three times for each isolate in 
an attempt to ’purify* them. The isolates were also plated on E. coli 
B, a female strain, in order to make sure they did not grow in this 
strain. Four out of the ten original choice proved to be male specific. 
Disinfection studies were conducted on them and plaque morphology and 
electron micrographs of each isolate are presented in section VI of the 
Results.
V Glassware
All the vessels and stirrers were of Ityrex glass and care was 
taken to satisfy the chlorine demand of the glassware before use. This 
was achieved by storing them overnight in water containing 10 ppm chlorine, 
and immediately before an experiment they were rinsed with demand-free 
water.
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VI Electron Microscopy
A film of formvar (Agar Aids, 0.3$ solution in chloroform) was 
formed on a clean slide by dipping the latter into the solution of 
formvar in chloroform. After drying the slide in air the film was 
cut away from the slide, and floated on the surface of distilled water 
in.a bowl. Copper grids (Agar Aids, 200 mesh) were laid dull side 
down on the formvar film and the film was removed from the water by 
placing a piece of filter paper on top of all and turning it up;
thus the grids got trapped between the film and the filter paper. The
formvar film on the grids was reinforced by a carbon coat sprayed by 
Edwards 306 coater.
A coated grid was picked up and a tiny drop of the sample to 
be observed was placed on it. The drop was allowed to adsorb for 
about 30 seconds and the excess removed with a piece of filter paper 
held tangential to the grid. A drop of 3% Phosphotungstic acid 
(BDH Analar; pH 6.8) was next put on the grid, left to adsorb and the 
excess removed similarly.
The sample was observed in JE0L-JEM 100B type electron micro­
scope at magnifications 90,00QX and 120,00QX, and accelerating voltage 
of 90'K Volts. Appropriate photographs were taken on 8.5 x 6.5 cm 
negative plates which were developed and fixed at the Structural Studies 
Unit where the electron microscope is located. The negatives were then
printed on Ilford grade h photographic paper.
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VII Chemical Analysis of Effluent
1. pH
The pH of the effluent was read using a pH meter 7020
(Electronic Instruments Ltd.)*
2. Determination of Ammonia - Nessleriser Method
One Nessleriser glass was filled to the 5>0-ml mark with 
distilled water and placed in the left-hand compartment of the Nessleriser 
(BDH Lovibond). Another glass was filled with filtered effluent and 
placed in the right-hand compartment. Two ml of Nessler’s reagent 
(BDH Chemicals Ltd.) was added to each glass, mixed, and the colours 
produced were compared with the colours on the standard discs exactly 
five minutes later, standing the Nessleriser near a uniform source of 
light. If the colour produced was too intense to read, an appropriate 
dilution of the sample was prepared and the test repeated (BDH Chemicals 
Ltd., undated). The effluent samples usually did not need any dilution.
The readings on the comparator discs (NAA, NAB and NAC) 
correspond to the quantity of ammonia (NH^ ) in p,gms. in the sample used.
To convert a reading to ppm, the conventional way of reporting quantities 
in water systems, the readings were multiplied by a factor of 0.02; thus 
a reading of 10 (jg in a 50 ml sample correspond to 0.20 ppm (mgm/l).
3. Suspended Solids
The contents of the vessel containing the effluent were mixed 
well in order to resuspend any solids that had settled. Two hundred 
mis of effluent were filtered through a U.7 cm diameter 0.1 /i GF/C 
filter (Whatman), which was weighed beforehand. The filter was then
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dried for one hour in an oven at 103>°C, cooled in a desiccator and 
weighed again. The difference in weights was multiplied by f> to 
get the -weight of suspended solids per litre (ppm) (Dept, of
the Environment, 1972).
b» Biochemical Oxygen Demand
a. Reagents for the BOD Test
(i) Manganous sulphate solutions
5>00 gm MnSO^.^HgO (BDH Chemicals Ltd.) 
was dissolved in water and the volume 
made up to 1 litre.
(ii) Alkaline iodide solutions
UOO gm NaOH (Fisons Laboratory Reagent) 
was dissolved in £60 ml water. 900 gm 
Nal (BDH) was added and the solution 
kept hot until Nal dissolved. After, 
cooling the volume was made up to 1 litre. 
The solution was let to stand overnight 
and decanted if necessary.
(iii) 50% ^ SO^.
(iv) Starch indicators
5 gm of soluble starch (BDH) was mixed 
with a little cold water and poured into 
1 litre boiling water. The solution was 
boiled for one minute, with constant 
stirring, and cooled before use.
- 83 -
(v) N/80 Thiosulphate solution:
3.15 gm Na^S^O^.^H^O (Horrington Brothers 
Ltd.) was diluted in 1 litre glass-distilled 
water and stored at L|°C in a brown bottle .
(vi) Dilution Water:
- O.OOO^M Ferric Chloride (BDH - Analar)
- 0.25 M Calcium Chloride ,r n
- 0.1M Magnesium sulphate n
- Phosphate buffer stock:
bZ.S gm KH2P0^
8.8 gm NaOH
2 .0  gm (NH^ )S03
Dissolved in 1 litre water. pH = 7.2. 
One ml of each of the above solutions is 
added to one litre of freshly distilled - 
deionized water. Air was bubbled into it 
to saturate with oxygen, and was used to 
dilute the effluent sample if need be..
This solution should always be prepared 
fresh before use.
b. Method
The 5-day BOD test was conducted as described by 
Golterman (1971). Effluent was poured gently, avoiding 
aeration, into two 250-ml glass-stoppered bottles, until 
overflowing. The bottles were tapped a few times to allow 
air bubbles to escape. Bottle No. 1 was stoppered and
incubated at 20°C for 5 days in the dark. To bottle 
No. 2 one ml each of MnSO^ and alkaline iodide solutions 
were added. A brown precipitate was formed immediately. 
This bottle also was stoppered and incubated similarly.
On the fifth day one ml each of MnSO^ and alkaline- 
iodide solutions were added to bottle No. 1, and the 
brown precipitate in both bottles were dissolved with 
2 ml $0% HgSOj^ . A suitable sample (25-200 ml) was 
removed from a bottle, put in a conical flask and 
titrated with N/80 thiosulphate until the colour changed 
from honey to straw. At this point 2-3 drops of starch 
indicator were added and the blue-black colour titrated 
to a colourless end-point. The volume of titrant used 
for bottle No. 1 was subtracted from that for bottle No. 2 
and the amount of oxygen in the effluent calculated 
according to the formula:
0 mgm/l = Volume of thiosulphate (ml) x N x 8 x 1000 
 ^ " Volume of sample (ml)
where N - normality of thiosulphate (1/80).
c. Chemistry of BOD
When manganous sulphate (MnSO^ ) and alkaline 
iodide were added a white precipitate, Mn(0H)2 was formed:
MnSOj^ + N a O H — ►  Mn(0H)2 | + N a ^ O ^
- 85 -
The white precipitate was oxidized by the oxygen 
present in the medium into a brown precipitate:
2Mn(0H)2 + 02— ► 2MnO(OH)2 |
This precipitate was dissolved by acidification into 
manganic sulphate:
MnO (0H)2 + 2H2S0^-- ► Mn(S0^)2 + 3H20.
Manganic sulphate reacted with iodide (T~) and liberated 
iodine (ig) in an amount equivalent to the dissolved 
oxygen originally present:
Mn(S0j^)2 + N^al ► MhSO^  + Na2SO^  + I2
The liberated iodine was titrated with a standard 
thiosulphate solution:
2Na2S203 + I2--- ► Na2S^06- + 2NaI.
5. Chemical Oxygen Demand
a. Reagents for the COD test
(i) Standard Potassium Bichromate, 0.250 N: 
12.259 gm K2Cr20^ (BDH), previously 
dried at 103°C for 2 hours, was dissolved 
in water and the volume made up to 1 litre.
(ii) Sulphuric Acid Reagent:
2.14J4 gm Silver sulphate (BDH) was 
dissolved in 182 gm conc. H *30^  (Fisons 
Laboratory Reagents). This took 1-2 days 
to dissolve.
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(iii) Standard Ferrous Ammonium sulphate
titrant, 0.25N: 98 gm Fe (NH^ ( S O ^ ^ O
and 20 ml conc. H_S0, were dissolved in 2 k
water. After cooling the volume was made
up to 1 litre. On the day of use the
standard Fe(NH3)2(S0^)2 solution was
standardized against standard K2Cr20^
solution. 10 ml of K2Cr20^ was diluted
to 100 ml and 30 ml of conc. H2S0^ added
to it. The solution was allowed to cool
and titrated with Fe(NH3)2(S0^)2 using
2-3 drops of ferroin indicator. The
normality of Fe(NH3)2(S0^ ) was
calculated according to the formula:
ml Kr2Crp07 x 0.25
N = --------- -------
ml Fe (mp^SC^)2
(iv) Ferroin indicator solution, 0.02f?M.
This was a prepared solution of 1,10-Phenan- 
throline-ferrous sulphate complex (BDH 
Indicators).
(v) Silver sulphate (Ag2S0^) powder (BDH).
(vi) Mercuric sulphate (HgSO^ ) crystals 
(Fisons Laboratory Reagents).
b. Method
The analysis for COD was conducted as described in 
Standard Methods (13th ed., 1971). 0.U gm of HgSO^ and
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20 ml of effluent sample were mixed in a reflux flask, 
then 10 ml of standard K^Cr^O^ solution was added.
Very slowly and carefully 30 ml of sulphuric acid 
reagent was then added with constant mixing. A few 
glass beads were .put in the flask to prevent bumping 
and the flask was placed on a hot plate and attached to 
a 300 mm condenser. The mixture was refluxed for 2 hours. 
After cooling to room temperature the condenser was 
washed down with distilled water and the volume of the 
mixture made up to 100 ml. The eicess K^Cr^O^ was 
titrated with standardized Fe (NH^^ (SOj^ solution 
using 2-3 drops of ferroin indicator.
A blank reflux was run similarly using 20 ml of 
distilled water instead of the effluent. The COD was 
calculated according to the formula:
COD mg/1 = (a-b)o x 8,000 
ml sample
= ml Fe(NH^)^(SO^)^ used for titration of blank 
« ml Fe (NH^)^(S0^)2 used for titration of sample 
normality of Fe(NH^J^CSO^)^
c. Chemistry of COD
Determination of COD was a measure of estimating 
the oxygen equivalent of oxidizable matter (organic and' 
inorganic) in a water system. This was achieved by 
producing a known excess amount of nascent oxygen by
where
a
b
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reacting dichrornate with sulphuric acid:
K2Cr2°7 + 1‘H2SOir_*‘3 ^  + Cr2 (S<V 3  + K2S0U + UH2°-
Some of this oxygen reacted with the oxidizable matter in
the effluent and the excess was titrated with standard 
Fe(NHu)2(SOu)2:
3[0] +. 276(1^ ) 2(80^)2  ►
Fe203 + '2 0fflu)23Ou + 2H2S0U
The difference between input oxygen (by way of KgCrgO ) 
and excess oxygen was oxygen taken up, or the chemical 
oxygen demand of the sample.
VIII Disinfectants
A. Halogens
Two halogens and an interhalogen were used:
Chlorine (BDH Air Products)
Bromine (Hopkin & Williams Ltd.)
Bromine Chloride
1. Preparation of halogen stock solutions
a* Chlorine stock solution
This was prepared by bubbling chlorine gas into 
100 ml distilled water for about 5> minutes. This 
produced a stock solution with a concentration about 
7000 ppm which was determined by the iodometric method.
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Calculated amounts of it were then added to the 
experimental vessels to obtain the desired residual 
levels, which were determined by the DPD method.
b. Bromine stock solution
Two ml of liquid bromine were dissolved 
in 1 litre of distilled water. This produced a 
stock of about 6000 ppm which was titrated iodometrically 
and used after appropriate dilution.
The levels of bromine in the experimental vessels 
were determined by the DPD method and expressed as 
chlorine equivalents in ppm.
c. Bromine chloride stock solution
A bottle containing frozen BrCl was thawed at
-20°C$ 1 ml of it was pipetted out with a cold pipette 
and dissolved in 100 ml of cold distilled deionized 
water. The solution thus prepared had a HOBr concentration 
of about 7000 ppm, titrated iodometrically, and was used 
for disinfection after appropriate dilution.
d. Preparation and analysis of Bromine Chloride
Some liquid bromine was poured into a weighed
U-tube the openings of which were closed tightly, as 
shown in figure 3.3.
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2
Fig. 3.3. U-tube for preparing bromine chloride
The tube was weighed again to obtain the weight .of 
the bromine inside it. One side arm of the tube was 
connected to a chlorine cylinder and chlorine was 
gently allowed into the tube thus increasing the 
pressure until the liquid bromine rose slightly in 
the other arm of the U-tube and chlorine bubbled 
through it. Bubbling was continued until the weight
of the fluid increased by kk% (Mills,, 1975).
Br2 + C12--- * 2 BrC1*
This operation was conducted in the fume
cupboard over liquid nitrogen in order to maintain a 
temperature below 0°C. Before opening the tube its 
content was cooled to a lower temperature by keeping 
it right over the surface of liquid nitrogen and the 
pressure was released carefully.
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The brown-red fluid was then decanted into 
small cold bottles and kept at -20°C for a few 
hours. At this temperature the fluid did not freeze 
indicating that it was not bromine, which has a 
freezing point of ~7°C, but probably BrCl, the freezing 
point of which is -57°C.
A stock BrCl solution was prepared by dissolving
0.2 ml of it in 100 ml cold water. This gave a bromine 
concentration of about 6000 ppm, determined iodometrically.
In order to prevent evaporation of BrCl, it was 
stored in liquid nitrogen and.thawed at -20° C when 
required.
The chemical purity of tromine chloride was
analysed spectrophotometrically. Stock solutions of
chlorine, bromine and bromine chloride were prepared in
carbon tetrachloride, the first one by bubbling Gl^  gas
into 20 ml CCl^ for 3 minutes, and the latter two by
adding 0.05 ml portions into 20 ml aliquots of CCl^ .
The concentrations of these stock solutions were
determined by iodometric titration as described in
Appendix V. The stocks were then appropriately diluted 
-3to obtain 5> x 10 M solutions, and their concentrations 
were again checked iodometrically. Their absorbances 
between 25>0-5£0 nm were read on Beckman Model 2k spectro­
photometer to which a recorder was attached.
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The absorbance curves, presented in Pig. 3*4 
agree with those reported by Popov and Manriion (1952) .
Chemical Titration of Halogen Residuals
a. Iodometric Method
(i) Reagents
- Acetic Acid (glacial), (Pisons Laboratory 
Reagent);
- Potassium Iodide crystals (BDH);
- Standard Sodium Thiosulphage, 0,1 I :
24.82 gm RagSgO^.^^O was dissolved in 1 litre 
- freshly boiled and cooled distilled water. The
solution wasstored for at least 2 weeks in a 
brown bottle and standardized against standard 
potassium binioctate solution before use.
- Standard Potassium Biniodate, 0.1000 N :
3.249 gm anhydrous KI^IO^)^ (EDH) was dissolved 
in distilled water and diluted to 1 litre. It 
was stored in a glass stoppered bottle. -
- Starch Indicator solution:
A little cold water , was added to 5 gm soluble 
starch (BBS), mixed into a thin paste and poured 
' into 1 litre of boiling distilled water. After 
allowing to settle overnight the clear supernatant 
was used.
Ab
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The titration of thiosulphate was done as follows:
To 80 ml distilled water 1 ml conc. 10 ml 0.1000 N
KH(I0^)2 and 1 gm KI crystals were added with constant 
stirring. The liberated iodine was immediately titrated 
with the 0.1 N thiosulphate solution until the mixture 
was near colourless. One ml starch indicator was added 
and the blue colour titrated to a colourless end-point.
The normality of Na2S20^ solution was calculated
as:
- 1
N NaS 0_ = ---------------- -
 ^3 ml Na2S20^consumed
(ii) Iodometric titration
Four mis of glacial acetic acid were 
added to 20 ml demand-free water and 
1 gm KI crystals in a flask. 1 ml 
halogen stock solution was added and 
the liberated iodine titrated 
immediately with the standardized 
thiosulphate solution. The concentration 
of the halogen solution was calculated as:
ml Na^O^ x N x 3f>.U£
mg/ml Halogen = ’ !
ml stock halogen
The concentration of bromine stock solution 
was expressed as equivalents in chlorine.
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b. DPD Method
This method, devised by Palin (1957)j uses 
diethyl-p-phenylene diamine which reacts with halogens 
at low concentrations (< 1; ppm) to give a red colour.
(i) Reagents
- Potassium iodide crystals
- Phosphate Buffer, 0.5M, pH 6.3:
In a final volume of 1 litre of distilled 
water the following were dissolved:
2h gm anh. Na^HPO^ (Hopkin & Williams Ltd.) 
i;6 gm anh. KH^PO^ (BDH)
800 mgm EDTA-disodium salt (BDH - Analar)
- The DPD Indicator Solution was 
prepared by dissolving 1.5 gm DPD 
(N,N-diethyl-p-phenylenediamine) sulphate 
(BDH) in chlorine-free water and 8 ml of 
25$ anc^  m®ni were added.
The volume was made up to 1 litre and 
the solution stored in a dark-coloured 
bottle. The solution was discarded when 
discoloured.
- The Standard Ferrous Ammonium Sulphate 
(FAS) titrant was prepared by dissolving 
1.106 gm Fe(HH^)2(S0^)2.6H20 (BDH - 
Analar) in freshly boiled ahd cooled 
distilled water. 1 ml of 25$ H^SO^ was 
added and the volume was made up to 1 litre 
with water.
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(i-0 DFD titration
Into a titration flask 5> ml each of 
phosphate buffer and DPD indicator 
solutions were placed and mixed and 
100 ml halogenated sample were added.
The pink colour produced was immediately 
titrated with FAS titrant to a 
colourless end-point. The volume of 
FAS consumed was reading A corresponding 
to free available halogen.
A small crystal of KI was added, mixed 
and again titrated immediately to obtain 
reading B corresponding to monohalamine. 
About 1 gm of KI was next added, and the 
solution allowed to stand for 2 minutes.
The pink colour which developed was then 
titrated to a colourless end-point. This 
gave reading C corresponding to dihalamine. 
The DPD method of titration was good for 
halogen concentrations up to b mgm/l. When 
higher levels of halogen disinfectant 
were used for titration, smaller samples 
were taken which were diluted to 100 ml.
c. Calculation of halogen equivalent
For a 100-ml sample 1.00 ml FAS titrant was
equivalent to 1.00 mgm/l available residual chlorine.
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Thus Reading A = Free Chlorine
Reading B-A = Monochloramine
Reading C-B * Dichloramine
Reading C - Total available chlorine.
Readings for bromine were multiplied by 2.5 while 
those for BrOl by 1.62 to obtain the actual weight/l values.
B. Peracetic Acid
0
11
Peracetic acid - CH^-C-O-OH - was obtained from Phase 
Separations Ltd. as a 35$ aquous solution. It was stored at 
l4°C and 1$ working stock solution was prepared by diluting it 
in cold distilled water.
Peracetic acid was titrated using the following reagents 
and method:
(i) 20$ aquous solution of potassium iodide, KI.
(ii) 0.1 N Na^S^O^, prepared and standardized as 
described in section VIII 2b of Materials & Methods.
(iii) Ice bath and a balance were required.
A 30 ml sample containing PAA was weighed accurately in 
a cold titration flask. One ml 20$ KI was added and the 
liberated iodine titrated with 0.1 N Na^S^O^ to a colourless 
end-point. The concentration of PAA was calculated as:
vol (ml) 0.1 N Na2S203 x 3.8
$ PAA -* ---------------------
10 x Weight of Sample
(after Sully & Williams, 1962).
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IX Statistical Analysis
The statistical analysis of the data in this study was conducted 
by methods described by Loveday (1969).
1. Mean and Standard deviation
The mean, x, of a set of observations was calculated as:
-  1 < x = - z x,n v
where n = number of observations,
x = the numerical value of each observation,
and ^ = sum of values that follow.
Standard deviation, s, the mean-square deviation from the mean, 
of n observations was taken as:
Means and standard deviations are reported one decimal place more 
than the data from which they were calculated, as required by statistical 
methods.
2. Confidence Limits of the mean
The 95$ confidence limits of the mean are calculated as: 
x + (ts//n)
where t = p 5$ value of the t-distribution for v » n-1.
This is a method to estimate the probability for the mean to 
fall outside the desired confidence limits.
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3. t-test
The significance of the difference between two means x, and x^ 
is calculated by the formula
X., -
t =
1,2 n2
where S is the combined new standard deviation calculated from
S = / n^X-1 S^l + (n2-1)S2
1,2 v/ + n2 - 2
and n^ and n2 are the number of observations in each group.
U. Least Square Analysis - Regression Coefficient
When a series of pairs of numbers (x,y) are plotted a scatter 
diagram is obtained. The correlation (direct, inverse, or absence of) 
of these pairs of numbers is analysed for by the least square line of
regression of y on x. For n pairs of points (x^ , y^), (x2, y2) ....
(Xn, ^i?3 -*-eas  ^scluare line of regression is calculated by supposing
that
y = a + bx,
where a and b are constants and can be found by solving the 
simultaneous equations
^ y = na + b^.x (l)
, % xy = a ^ x +  b'^x2 (2) .
The constant b is the slope, or the regression coefficient, of 
the regression line of y on x. These slopes are reported at the base 
of each table presented in the Results. Also reported are the calculated
values of y for two arbitrary points of x through which the regression
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line should pass for the linear logarithmic portion of the relation, 
and the calculated value of the residual disinfectant which will produce 
99.99% inactivation of the virus.
RESULTS
I Host Specificity of f2 coliphage
The host specificity of the f2 coliphage was tested on both 
male and female strains of Escherichia coli obtained from NCIB. The 
f2 formed plaques when grown on strain K^ ,JIfr, but did not grow on 
strain B. This meant that the f2 used was specific to the male strain, 
as it should be.
Similarly, the bacteriophages isolated from settled raw sewage 
were grown on both strains of E. coli and only those that formed plaques 
on the male strain were used for disinfection studies. There were four 
such isolates. .
II Titration and Recovery Studies on Stock Oiltures of f2 Coliphage ,
1. Titration of the f2 Coliphage'Stock
The uniformity in titration of a stock culture of the f2 coliphage 
was assayed. Fourteen 0.5-ml aliquots of the stock were serially diluted and 
triplicate samples were plated on the host bacterium. The titres of 
the original aliquots were calculated and are shown in Table li.l.
As indicated at the end of Table U.1* analysing for the
confidence limits of the mean left nine of the aliquots outside the
range of these limits; thus only 3$.7% of the titres were representative 
of the stock. These are indicated by a star. Variations in the titration 
of the f2 stock, in this case 26.5>U5>$, would not be unexpected, and although
only a small number of titres fell within the confidence limits of the mean, ,’f. \
the experiment was not rejected.
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2. Recovery of f2 Coliphage from Effluent
An appropriate dilution of the f2 stock was resuspended in 
final activated sludge effluent and after thorough mixing the titres 
recovered at 1 minute and 30 minutes were analysed. The titres 
falling within the confidence limits of the mean, £8.33$ and 
respectively for 1 and 30 minutes are marked with a star in Table U.2.
Applying the t-test analysis on the means of titres at 1 minute 
and 30 minutes showed that their difference was not significant at 9$% 
significance level, although there was often a slight drop in titre by 
the end of 30 minutes (Fig. U.1).
Recovery of the coliphage from effluent which had been filtered 
or to which solids were added was studied, and the results are presented 
in Table U.3 and Fig. U.2. The per cent recoveries were calculated on 
the basis that the final concentration of the phage in the effluents
5was 1 x 10 pfu/ml.
Data on the recoveries of virus at different pH values and
temperatures was obtained from the second vessel, the control vessel,
in the disinfection experiments described in section II 1 of Materials
and Methods. The amount of f2 coliphage recovered in them in relation
to the titre of the sbock used for each experiment was expressed as
percentages (Table IwU). The t-test analysis showed that differences
in recoveries were not significant at the 95% significant levels at
o o o
the three temperatures employed, namely 5 , 15 and 25 , and the 
different pH’s between U and 9S except for differences between pH’s 
5 and 8.2 and pH’s 5 and 9.
Ill Chemical Analyses on Effluent Samples
The five chemical tests conducted on fresh and thawed effluents 
are presented in Tables lj..5 and U.6.
The t-test analysis between the means of fresh and thawed 
effluents at the different parameters showed that except for a 
significant rise in pH upon freezing and thawing, other changes were 
not significant at the 9%% confidence limits.
Monthly averages for the same chemical analyses on daily 
composite samples of the activated sludge effluent were kindly provided 
by the area chemist of the Guildford Sewage Treatment Plant (Table U.7) • 
The chemical analyses on the samples collected for experimental work 
were compared to these monthly averages.
IV . Disinfectant Dose; Residual Relations in Effluent at Various pHTs
■When chlorine (or a halogen) is added to water or effluent, 
some of it reacts with ions and/or organic matter found in the system.
Some of these reactions are instantaneous, while others are slow. Thus
part of the chlorine dose is taken up by this ’demand’ and the rest acts
as free and combined residual disinfectant.
1. Chlorine Dose: Residual Relations
To establish the chlorine dose:residual relation different doses 
of chlorine were first added to demand-free water at l£°C and the free 
chlorine residual titrated at 1 and 30 minutes. There was no combined- 
residual-chlorine formed, and practically no loss of chlorine by the end
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of 30 minutes. This procedure constituted the demand-free librae, i.e. 
dose:residual ratio of 1:1. The same doses of chlorine were then 
added to effluent samples at lf?°C with pH’s 6, 7 and 8.8. The free- 
and combined-residual-chlorine were titrated for at 1 and 30 minutes.
The results for pH’s 6, 7 and 8.8 are presented graphically in figures 
1*.3, k.k and U.£. The dose:residual ratios were calculated from these 
figures at the chlorine dose of 10 ppm for total and free chlorine.
These ratios, tabulated in Table showed an increase with increasing
pH and increasing contact time.
The chloramines , monochloramine (NH^ Cl) and dichloramine (NHCl^) 
formed in the chlorinated effluents were much less than 1 mgm/l at pH 6, 
but at higher pH’s these combined forms were about 1 mgm/l at as low a 
chlorine dose as 5> mgm/l.
In disinfection experiments the f2 coliphage was appropriately 
diluted either in filtered effluent or in dilution fluid. When f2 
filtered effluent was resuspended in the experimental vessel, the 
behaviour of chlorine was that shown in Figures 1*.3, h»h and But
when f2 in diluent was resuspended into the experimental vessel, then 
the diluent exerted a chlorine demand and no free chlorine residuals 
were formedj all of the chlorine was in the combined forms detected as 
monochloramine only. Effluent, to which dilution fluid with 22 mgm/l 
organic matter was added, was chlorinated at pH’s 6 and 9, and the 
monochloramines titrated are presented in Figures U.6 and U.7.
Although the dose:residual ratios (Table U.9) were smaller at 
pH 9 than at pH 6, indicating lesser chlorine demand at pH 9, higher 
concentrations of chloramines were formed at pH 9. The initial amount of
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ammonia in the effluent, 0.28 mgm/l, was not changed by the addition 
of the dilution fluid, therefore the chloramines must have been 
derived from the chlorination of peptones and Tris-HCl included in 
the dilution fluid.
2. Bromine DosetResidual Relations
The relation between bromine dose and residual was studied at 
pH 8o0 and l5°C. This is presented in Fig. 1|.8 and Table 1|.10. The 
bromine dosesresidual ratios at pH 8 were lower than those for chlorine 
at pH 6, meaning that a lower dose of bromine was required to achieve 
a desired residual, and this at the normal pH of the effluent.
The bromamines formed at pH 8, although more than chloramines 
at pH 6, were found to decrease as the dose of bromine increased.
3. Peracetic Acid D-ose:Residual Relations
In the case of peracetic acid, the effluent did not exhibit a 
demand for it and the concentration of peracetic acid initially 
administered did not change after 30 minutes of contact time.
V Disinfection Studies
Having established the behaviour of disinfectants in effluent 
at different pH’s and also in the presence of dilution fluid, disinfection 
of f2 coliphage and poliovirus 1 was attempted using different parameters: 
various levels of disinfectant at different pH’s, three temperatures - 
5°C, l£°C and 25°C, and various concentrations of suspended solids. The 
titres of virus surviving after 5 and 30 minutes contact time at a given 
level of disinfectant were reported as logarithmic values and the 
percentages of virus survival were calculated on the actual titres relative 
to virus input at 0 time.
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Extents of disinfection/inactivation of viruses at any given 
parameter were compared by calculating for the regression curves between, 
percent survival of virus and residual disinfectant.
A. Disinfection with Chlorine
i. Chlorination of f2 Coliphage
Tables U.ll - U.l6 and Figures lw9 - U.lU present chlorination 
of f2 coliphage in effluent at l5°C and various pHrs between pH Ij. to 
pH 10. Into the effluent 22 mgm/l of organic matter were introduced 
via the diluent in which f2 was resuspended. The regression lines for 
this set, Fig. U.15>, show increasingly shallower lines as pH increased.
To eliminate the organic matter introduced by the diluent , 
f2 coliphage was appropriately diluted in filtered effluent before 
inoculating the effluent under test; with this modification lesser 
amounts of chlorine seemed to be needed in order to achieve similar 
disinfection at pH 6 and l5°C (Table U.17 and Fig. I|.l6) but the 
regression analysis (Fig. U.17) showed that it wad not much different 
than chlorination under the same conditions and with 22 mgm/l organic 
matter (Table U.13, Fig. U.10).
The effect of temperature on chlorination was investigated for 
pH’s 6 and 9 (Tables U.18 - U.21, Fig. U.18 -U.21). Analysing for the 
regression lines (Fig. U.22) showed clearly that disinfection was more 
efficient at pH 6 than at 9* and variation due to temperature was not great
a. Effect of Various Amounts of Organic Matter on Disinfection
When various amounts of organic matter were added to distilled 
water at pH 6 and chlorination conducted on f2 coliphage, the extent of 
inactivatio.n increased with decreased amounts of organic matter (rable 
U.22, Figs. U.23 and U.2l|). The effect of temperature on a similar system
water at pH 6 and 2.75 mgm/l of organic matter was very clear (Table U.23 
Figs. U.25 and I*.26). Comparing Figs. Ij..17 and I4..2I1. revealed that the 
water system needed far less chlorine than effluent for efficient 
disinfection.
b. Effect of Adding f2 Coliphage Before Chlorine
In practice pathogens and enteroviruses are already present, or 
assumed to be present, in effluents when disinfection is attempted. To 
simulate a similar experimental condition f2 coliphage was added to the 
effluent and allowed.to equilibrate for 15 minutes before adding 
chlorine. This was conducted at pH 6 and l5°C. The results (Table U.2l| 
and Fig. .27) were comparable to those in Table 1*.13 and Fig. 2*.10, 
conducted under the same experimental conditions but f2 coliphage was 
added to the effluent only one minute before chlorine.
c. Efficiency of Combined Forms of Chlorine
Chlorine was allowed to react for 15 minutes with effluent 
constituents in order to produce combined chlorinated forms at pH 6 
(Fig. U.3). The disinfecting capacity of this complex system was 
studied by adding f2 coliphage at 15 minutes after having once more 
titrated for free and combined forms of chlorine. The results are 
presented in Table 1;.25 and Fig. li.28.
When exogenous organic matter (22 mgm/l) was introduced with 
f2 at 15 minutes (Table 4.26, Fig. 4.29), the extent of inactivation was 
almost in line with that of Table 4.13 and Fig. 4.10 where chlorine was 
added after f2.
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d. Effect of Suspended Solids in Effluent on Degree of Disinfection
The effect of suspended solids in the effluent upon chlorination 
revealed that disinfection in filtered effluent was the same as in 
natural effluent with 10-20 ppm suspended solids (Table lt.27, Fig. i*.30). 
But increasing the amount of suspended solids decreased the percentage 
of virus inactivation (Table U.28, Fig. 1*.31).
e. Influence of Daily Fluctuation in Effluent on Degree of
Disinfection
Daily samples of effluent were collected, sometimes twice a day 
over a period of the week 21-25 November 1977, and chlorination conducted 
on them using the same doses of chlorine and f2 coliphage appropriately 
diluted in filtered effluent. The pH of the effluent samples was not 
altered and it was 7*3-7.5. Chemical analyses of the activated sludge 
effluent for that week were kindly provided by the area chemist of the 
Guildford Sewage Treatment Plant (Table I4..29), and the results of 
chlorination are presented in Table U.30 and Fig. I;.32.
2. Chlorination of Bacteriophage Isolates
The four male specific bacteriophages isolated from raw sewage 
were chlorinated in effluent at pH 6 and 15°C. They showed variation in 
their susceptibility to the disinfectant, isolate 2 being the most 
resistant (Table U.31 and Figs. U.33, U.3U).
3. Chlorination of Poliovirus 1
Chlorinating Poliovirus 1 in effluent at different pH's showed 
that Poliovirus 1 exhibited the same kind of susceptibility as f2 
coliphage, i.e. the lower the pH the more the inactivation (Tables U.32, 
U.33 and Figs. U.35, Iu36, U.38). Chlorinating Poliovirus 1 in water
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with 2.75 mgm/l added organic matter* pH 6.8 and l5°C (Table U.3U 
and Fig. -U.37) was not too different from chlorination in effluent 
(regression line x in Fig. I i . 3 8 ) .
B. Disinfection with Bromine and Bromine Chloride
When bromine or bromine chloride are dissolved in water the 
disinfecting species formed in both cases is hypobromous acid (HOBr), 
this is the reason for reporting the results of disinfection with these 
two chemicals in the same section. All experiments were conducted at 
15°C.
1. Bromination of f2 Coliphage
f2 coliphage disinfected with bromine in effluent at different 
pH's showed an optimum around pH 8 (Tables U.35~U.37j Figs. lj..39-U.4l), 
and this in the presence of 22mgm/l added organic matter. When this 
organic matter was eliminated from the system (Table U.38 and Fig. I4..U2)3 
the extent of inactivation at pH 8 did not change, and the regression 
lines (Fig. I1.I4.3) were very close.
2. Disinfection of f2 Coliphage with Bromine Chloride
With bromine chloride the inactivation pattern of f2 coliphage 
in effluent was not the same as with bromine (Table U.39, Fig. U.U4). 
There was more inactivation at pH 6 than at higher pH’s in the presence 
of 22mgm/l of organic matter. And when this was eliminated (Tables IwUO, 
lf..l|.l and Figs.' b'bfr)3 lesser amounts of bromine chloride were
required (Fig. U.U.7).
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3. Disinfection of Poliovirus 1 with Bromine Chloride
Poliovirus 1 was disinfected with bromine chloride at the 
natural pH (7.3) of the effluent, at l5°C (Table U.U2 and Fig. U.U8)• 
Regression line analysis (Fig. U.U9)ms in line with that for f2 
coliphage (Fig. k»h7).
C, : Disinfection with Peracetic Acid
For disinfection experiments with peracetic acid the pH of the 
effluent was kept unadjusted because the smallest amount of peracetic 
acid used dropped the pH to Lu To samples taken for Poliovirus assay 
was added a drop of 0.01 N NaOH to raise the pH to 7 before the assay 
(low pH was not tolerated by the VERO cells used in the assay). 
Experiments with f2 coliphage did not require this modification of 
method because both f2 and E. coli could tolerate the lower pH and 
duplicate assays were close.
1. Disinfection of f2 Coliphage
Coliphage f2 in effluents with and without added organic matter 
were disinfected with various doses of peracetic acid at l£°C (Tables 
k.h3, h.hh, and Figs. h.50, h.51). Regression lines (Fig. U.52) for the 
two sets showed that effluent with no organic matter required slightly 
less peracetic acid.
Disinfection in filtered effluent and with added suspended solids 
are presented in Table h»k$ and Figs.- U.^3 .and
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2. Disinfection of Poliovirus 1
Experiments to disinfect Poliovirus 1 with peracetic acid 
in effluent are presented in Table U.U6 and Fig. U.55V The regression 
line (Fig. li.56) showed that Poliovirus 1 required higher doses of 
peracetic acid than f2 coliphage.
D. .. Rates of Inactivation'
To titrate for surviving virus, samples were removed from the 
experimental vessels at 5 and 30 minutes after the addition of 
disinfectant. In all of the figures presented so far it was seen that 
inactivation takes place in two stages, both with the halogens and 
peracetic acid: there was a fast drop during the first 5 minutes and a 
slower decline during the following 25 minutes. The detailed kinetics 
of. inactivation were studied for chlorine and peracetic acid taking 
frequent samples between 0 time and 5 min. (300 sec.), f2 survival 
during the first 5 minutes of inactivation at different levels of 
disinfectant are presented in Table U.h7 and Fig. U.57 for chlorine, 
and Table U.U8 and Fig. U.58 for peracetic acid.
E. Two - step Inactivation of f2 Coliphage
The influence of single or successive doses of disinfectant was 
compared. Various levels of disinfectants were added to the effluent 
and after 30 minutes of contact time a second equal or different dose 
was added, and again ]6ft for 30 minutes contact time. Table b»k9 and 
Figs. U.59 and lii60 represent two-step chlorination of f2 coliphage in 
effluent; Table U.50 and Fig. I4..6I show two step bromination of f2, while 
Table U.5l and Fig. I}..62 are . two-step inactivation with peracetic acid.
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F. Two-step Addition of f2 Coliphage
The capacity of residual disinfectant to inactivate added 
virus was examined. A test was set up with virus and disinfectant, 
after 30 minutes additional virus was introduced and samples titrated 
at $ and 30 minutes thereafter.
The second dose of f2 coliphage added to chlorinated effluent, 
with or without additional organic matter, was not inactivated by the 
residual chlorines (Table 4.5>2, 4.53, Figs. 4.63^ I*.64). However in 
an equivalent experiment residual peracetic acid after 30 minutes 
inactivated the second batch of f2 as well as the first batch 
(Table 4.54 and Fig. 4.65).
VI Electron Microscope Studies
1. Disinfected Viruses
"Whole and disinfected samples of Poliovirus 1 and f2 coliphage 
were viewed under the electron microscope in preliminary tests to see 
if morphological changes took place after disinfection. f2 coliphage 
disinfected with chlorine and peracetic acid showed 'empty* corners 
(Figs. 4.68 and 4.69) in contrast to full particles of the untreated f2 
(Fig. 4.66). Poliovirus 1 treated with the same disinfectant did not 
show any such morphological changes (Figs. 4.67, 4.70 and 4.71).
2. Plaque Morphology of Bacteriophage Isolates
The bacteriophages isolated from raw sewage did not all have 
the same plaque morphology as f2 coliphage (Fig. 4.72), although they 
were all male specific. Isolates 2 and 4 produced plaques the same
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size as f2 but isolate 1 produced tiny plaques (Fig. 4.73) and isolate 
3 produced large, turbid plaques (Fig. 4.74).
3. Electron microscopy of bacteriophage isolates •
Samples from each type, 1-4, were examined by electron microscopy. 
Only isolate 2 (Fig. 4.76) was an icosahedral particle with dimensions 
similar to those of f2 coliphage.
Isolates 1, 3 and 4 (Figs. 4.75, 4.77 and 4.78) were large, 
tailed coliphages. Isolate 1 resembled T-even phage, with polyhedral 
head and thick tail; isolate 3 also had a polyhedral head with a flexible 
tail, possibly a T-5; while isolate 4 had a octahedral head and thick 
tail, like bacteriophage El (Bradley, 19675 Fraenkel-Gonrat and Wagner, 
1977). The dimensions and shapes of these isolates are summarized in 
Table 4«55»
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Table 4.1
\
Titration of a stock culture of f2 coliphage .
Aliquot No. Titre x 10^ " pfu/ml
1 1.59 7?
2 1.31
3 0.98
4 1.36
5 1 .1*2
6 1.33
7 1.69
8 1.31*
9 1.83
10 2.35
11 . 1.55
12 2.13
13 2.01* .
14 2.63
x = 1.699 x 1C?1 pfu/ml
s = 0.451 x 1C?1 pfu/ml
"1 "1 1 "1 
confidence limits = 1.699 x 10, + 0.263 x 10 pfu/ml
* Titres within the confidence limits of the mean.
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Table 4.2
Recovery of f2 coliphage in natural effluent at 1 and 30 minutes y
pH 6 and l5°C.
Aliquot No. Titre x 1(1 minute
y’ pfu/ml
r 30 minute
1 1.55 1.12 .*■
2 1.1*5 1.34
3 1.17 * 1 .00 -*
4 1.12 * 1.10 *
5 0.95 1.29
6 1.21 -* "0.99 *.
7 1.06 * 0.96
8 1.16 *■ 0.89
9 1.04 0.96
10 0.97 1.17
11 0.81 1.06 *
12 1.20 * 0.86
- 5 
x^ * 1.141 x 10 x^q = 1.06l x 10^
s1 = 0.206 x 10^ = 0.149 x 10
£
conf.limits = 1.141 x 10
£
conf.limits = 1.061 x 10
+ 0.131 x 10^ pfu/ml + 0.095 x 10^ pfu/ml
* Titres within the confidence limits of the mean.
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Pig. I4..I. Recovery of f2 coliphage from natural effluent 1 minute and 
30 minutes after seeding* at pH 6 and 15>°C *
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Table U.3
Recovery of f2 coliphage in natural (10 ppm suspended 
solids)* filtered (no solids) and effluent with 100 ppm 
suspended solids* at pH 7.U and 15>°C .
Effluents
Time Natural Filtered 100 x SS
Titres 1 min 5.29 8.37 6.56
Recovered 5 min 5.10 3.70 6.38 :
(x 10^ pfu/ml) 30 min 5.88 8.18 5.58
Average 5.82 8.07 6.17
1 min 52.9 83.7 65.6
%
5 min 5 i.o 37.0 63.8
Recoveries
30 min 58.8 81.8 55.8
Average 58.2 80.7 61.7
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Fig. I4..2. Recovery of f2 coliphage from effluent at pH 7.U and l£°C .
is----- -a filtered effluent, m---■— ■ natural
effluent, a  a with 100 ppm suspended solids.
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Table U.U
Average recoveries of f2 coliphage in effluent at 5°^  15° 
and 25 C and pH?s h-9»
Temperature pH % Recovery 
x s
k 79.82 + 2 8 . 5 4
5 108.07 + 8 . 4 0
6 87.67 + 2 1 .1 0
l5°C
7.5 9U.U7 + 2 0 . 6 2
8.2 81.62 + 1 4 . 6 4
9 79.0U
00mr—\ + 1
6 80.3 + 2 7 . 8 6
5°c
9 75.75 + 0 . 3 3
25°C
6 79.77 + 8 . 2 8
9 71.09 + 3 9 . 2 4
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Table 1*.5
Chemical tests conducted on fresh effluents collected 
between August 1976 to March 1978 •
Date
effluent
collected
pH
Suspended
solids
mgm/l
nh3(n )
mgm/l
BOD^
mgm/l
COD
mgm/l
19. 8.76. 7.2 20 — 1.2 —
2U. 8.76. 7.3 20 — 1*.8
13. 9.76. 7.2 10 0.21* 1*.8 —  ■
U.10.76. 7.2 15 0.28 8.8
18.11.76. . 7.1* 15 0.21* 8.0 —
8. 2.77. * 7.9 10 0.21* 7.6 l*o
15. 3.77. 7.6 15 — 9.2
23. 3.77. 7.5 15 0.11* 8.1*
25. U.77. 7.6 10 0.36 3.6 — ,
9. 5.77. '* 7.1* 15 0.16 3.2 3°
1*. 8.77. * 7.8 20 0.1*0 6.0 20
28.11.77. * 7.3 15 0.21* 12.8 30
9. 3.78. ** 7.8 10 11.20 ** 7.2
15. 3.78. * 7.5 10 0.1*1* 8.0 •' —
x = 7.1*78 lU.286 0.271* 6.686 30.00
s * 0.236 3.851 0.098 2.971* 8.165
* Effluent batches were frozen after conducting chemical 
analysis .
** Discarded because of its very high ammonia content.
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Table U.6
Chemical tests conducted on thawed 
samples of effluent collected on 8.2.77.
pH
Suspended
solids
mgm/l
nh3(n )
mgm/l
BOD
mgm/l
COD
mgm/l
7.5 20 0.10 5.6 — '
8.2 15 0.11* 1*.8 —
8.1* 10 0.10 1*.0 —
7.9 15 0.20 1*.8 5o
7.9 20 0.32 6.8 —
8.0 15 0.20 7.6 30
8.1 30 0.16 3.2 —  t
8.2 10 0.20 8.8 . —
8.1 10 0.36 7.6 —
8.0 35 0.16 6.0 30
8.03
0.21*
18.00
8.56
0.191*
0.086
5.92
1.77
36.66
11.51*
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Table U.7
Monthly averages for some chemical analyses conducted on 
daily composite samples of the activated sludge effluent, 
provided by the area chemist of the 
Guildford Sewage Treatment Plant.
Month pH
Suspended
solids
(mgm/l)
nh3(n )
(mgm/l)
BODj
(mgm/l)
COD
(mgm/l)
August 1976 10.1 0.73 6.U
September — 9.5 1.2 6.0
October 1U.8 1.1 • 10.6 - \
November . — - —— — _ ’...
December -— 35.0 0.58 llt.3 v -- ;■)
January ' 1977 - 10.8 1.85 13. h -
February 18.6 2.0U 12. U 1*9 .3
March . 19.3 0.68 10.2 _______
April ___ 15.3 1.25 - 5.1; ______
May ■— 1U.0 0.65 5.8 — -
June -- 12.8 0.93 6.5 -
July — 12.7 0.79 7.3 —  : v!
August -- 7.9 0.85 3.9 vV ■ -- V.-
September — 6.8 0.78 5.9 - -
October __ 11.9 O.Ij.8 h.l . -----------
November — 8.5 1.15 7.6 37.0
December —  . 2iw5 2.10 16. b —
January 1978 7.3 12.U 0.U1 5.8 33.1*
February 7.35 11.0 0.78 10.6 1*3.2
March 7.2 10.5 0.70 11.2 111*.9
x = 7.28 1U.02. 1.003 8.65 1*5.56
s *= 0.07 6.66 0.500 3.63 6.21
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Table U.8
Chlorine 'dosetresidual ratios at pHfs 6, 7 and 8.8, at l5°C, and 
after 1 min. and 30 min. contact times .
Contact
Time pH
Dose
(ppm)
Residual
(ppm)
Dose:Residual 
Ratio
6 10 7.6 1.31
Total
7 10 6.7 1.U9
Chlorine
1 8.8 10 5.7 1.75
min.
6 10 6.7 1.U9
Free
7 10 5.9 • 1.69
Chlorine
8.8 10 U. 6 2.17
6 10 ii.7 2.13
Total
7 10 U.2 2.38
Chlorine
30 8.8 10 3.2 3.12
min.
6 10 3.6 2.78
Free
7 10 3.0 3.33
Chlorine
8.8 10 2.2 U.5U
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Table U.9
Chlorine dose:chloramine residual ratios in effluent 
containing 22 mgm/l of organic matter, at pH 6 and 9 
15°C, after 1 and 30 min. contact time.
pH ContactTime
Chlorine
Dose
(ppm)
Chloramine
Residual
(ppm)
Chlorine Dose : 
Chloramine residual 
Ratio
1 min. 7 5.1 1.37
6
30 min. 7 5.0 1.1*0
1 min. 7 5.9 1.18
9
30 min. 7 5.6 1.21
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Table U.10
Bromine dose:residual ratios at pH 8, l£°C after 
1 min. and 30 min. contact times .
Contact
Time
Dose
(ppm)
Residual
(ppm)
Dose:Residual 
Ratio
Total Br^ 1 25 21. 1.19
Free Br^ min. 25 ,20.2 1.23
Total Br^ 30 25 .13 1.92
Free Br
2
min. 25 11.5 2.17
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Table Lull
Chlorination of f2 coliphage in effluent at pH h and l5°C 
(22 mgm/l organic matter present in the diluent).
Cl^ level (ppm) 
at 0 time
f2 input 
(log pfu/ml)
f2 recc 
(log pi
5 min .
>vered
?u/ml)
30 min.
% sur\ 
5 min.
rival 
30 min.
0.6 5.20 h.2h U. 21 10.70 10.00
0.8 U.98 2.78 2.U5 0.62 : 0.29
1.1 5*20 2.16 2.03 0.09 0.07
1.6 U.98 1.08 0.60 0.01 0.00
2.2 5*20 2.01 0.U8 0.06 0.00
2.U U.98 0.8U 0.U8 0.01 0.00
3.2 U.98 0.30 0.00 0.00 0.00
3.3 5.20 0.U8 0. 00 0.00 0.00
Regression coefficient = -1.92 -3.16
iiX•H 7 = 3.17 3.15
if x = 1.5, y = 2.0 1.57
99*99% inactivation achieved with 2.0mgm/l of chlorine.
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Fig. 1 Chlorination of f2 coliphage in effluent at pH k
and l£°C (22 mgm/l organic matter present in the
diluent).
* Chlorine residual - mgm/l
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Table U.12
Chlorination of f2 coliphage in effluent at pH 5 and l5°C 
(22 mgm/l organic matter present in the diluent).
Clg level (ppm) 
at 0 time
f2 input 
(log pfu/ml)
f2 rec 
(log p. 
5 min.
Dvered
:u/ml)
30 min.
% sur 
5 min.
vival 
30 min.
l.U 5*15 U.68 U.6U 3U.71 31.U3
1.8 5.15 U.ll U.15 9.22 10.07
2.7 5.15 3.53 3.14; 2.U1 1.9U
2.8 5.15 U.16 U.13 10.U3 9.71
3.6 5.15 2.U6 2.36 0.20 0.16
U.2 5.15 . 2.7U 2.63 0.39 0.30
h-Z 5.15 0.00 0.00 0 .0 0 0 .0 0
5*7 5.15 0.70 0.60 0.00 0.00
Regression Coefficient = -6.06 -5.67
if x = 1, j = 21.33 19.95
if x * k, 7 3.16 2.95
99*99% inactivation achieved with 4*5nign/l of chlorine.
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Fig. U.10. Chlorination of f2 coliphage in effluent at pH $ and
l£°C (22 mgm/l organic matter present in the diluent).
* Chlorine residual - mgm/l
Table In  13
Chlorination of f2 coliphage in effluent at pH 6 and l5°C 
(22 mgm/l organic matter present in the diluent).
Cl^  level (ppm) 
at 0 time
f2 input 
(log pfu/ml)
f2 ret 
(log pd
5 min.
covered 
E*u/ml)
30 min.
% sur 
5 min.
yival 
30 min.
3.6 5.29 U.81 1.70 33.50 26.03
U.5 5.32 U.32 h.ko 10.05 12.03
S.k 5.29 k.Oh 3.90 5.62 i;.09
6.7 5.32 3.22 2.66 0.80 0.22
9.0 5.32 l.Oli 0.00 0.01/ 0.00
11.2 5.32 0.95 0.90 0.00 0.00
Regression Coefficient = -3.21 -2.71
if x = II
CT\ 20.35 17.21
if x = 9, y = 1.07 0.9U.
99*99% in ctivation achieved with 9*3 mgm/l of chlorine.
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Fig. U. 11. Chlorination of f2 coliphage in effluent at pH 6, and
15>°C (22 mgm/l organic matter present in the diluent).
* Chlorine residual - mgm/l
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Table l|.ll|
Chlorination of f2 coliphage in effluent at pH 7 and l5°C 
(22 mgm/I organic matter present in the diluent).
Cl^ level (ppm) 
at 0 time
f2 input 
(log pfu/ml)
f2 recc 
(log p1
5 min.
Dvered
:u/ml)
30 min.
% sur-' 
5 min.
/ival 
30 min.
2.7 U.97 1|. 80 U. 77 67.02 62.76
h.o k.97 U.63 U.58 U5.7U 1|0.U3
5.U h.97 U.U5 h.3h 30.21 23.U0
6.7 h.97 3.95 3.78 9.U7  ^ 6.U7
Regression Coefficient = -111. 03 -13.86
if x = 2, y = 75.98 70.70
if :x * 6} y = 19.87 15.2I1
99.99% inactivation achieved with 7«!mgm/l of chlorine.
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Fig. U.12. Chlorination of f2 coliphage in effluent at pH 7 and 15>°C
(22 mgm/l organic matter present in the diluent).
* Chlorine residual - mgm/l
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Table It.l5
Chlorination of f2 coliphage in effluent at pH 9 and l5°C 
(22 mgm/l organic matter present in the diluent) .
Cl^  level (ppm) 
at 0 time
f2 input 
(log pfu/ml)
f2 recc 
(log pj
5 min.
Dvered
?u/ml)
30 min.
% sur\ 
5 min.
rival 
30 min.
3.8 5.00 U.98 4.89 95.U8 . 78.00
il.lt 5.19 5.23 5.13 109.62 8S .90
5.7 5.00 It.68 it.78 I4.8.OO 59.80
6.5 5.19 It. 88 It.83 I4.8.I4.O U3.08
7.6 5.00 I|.17 It.12 lit.70 13.10
10.9 5.19 0.8U 0.0 o.oolt 0.00
Regression coefficient = -15.3U -12.76
if x = 3 , y = 106.15 91.08
if x 9, y  = lit.08 1U.5U
99.99% inactivation achieved with 10.1 mgm/l of chlorine.
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Fig. U.13. Chlorination of f2 coliphage in effluent at pH 9 and
l£°C (22 mgm/l organic matter present in the diluent).
* Chlorine residual - mgm/l
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Table U.16
Chlorination of f2 coliphage in effluent at pH 10 and 15>°C 
(22 itigm/l organic matter present in the diluent).
Cl^  level (ppm) 
at 0 time
f2 input 
(log pfu/ml)
f2 recc 
(log pi
5 min.
>vered
'u/ml)
30 min.
% sur 
5> min.
vival 
30 min.
1.9 U.U8 U.33 U.U 9 71.30 ; 102.00
3.8 U.U8 h.ho U.lih 8U.67 92.67
6.1 U.26 3.93 U.17 hl.2$' 80.77
6.3 U.U8 U.iU U.Ui U6.00 86.00
7.3 k.ht h.2$ U.3U 62.U6 76.1k
8.3 . k.k$ h.19 U .29 5U.7U . 69.12
8.U U.26 3.89 U.lO U2.31 69.16
8.8 U.U8 h.oh ii.09 37.00 1*1.67
10.U h.hS.' 0.00 0.00 0 .00 0.00
Regression Coefficient = - 7.3U . - 9.83
if x * 2S y  = 8U.8U 115.93
if x ■ 9} y  = 33.U6 ■'.'1*7.09
99.99% inactivation achieved with 13.8mgm/l of chlorine.
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Fig. U.lU. Chlorination of f2 coliphage in effluent at pH 10 and l£°C
(22 mgm/l organic matter present in the diluent).
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Fig. U.15>. Regression lines for £2 disinfection with chlorine in 
effluent at 15>°C and various pH values, for 30 minutes 
contact time (22 mgm/l organic matter present in the diluent).
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Table In  17
. .0
Chlorination of f2 coliphage in effluent at pH 6 and 15 C 
(no organic matter added).
Cl^  level (ppm) 
at 0 time
f2 input 
(log pfu/ml)
f2 rec 
(log P-
5 min.
overed
:u/ml)
30 min.
% sur 
5 min.
vival 
30 min.
1.6 5.U8 5.28 5.30 63.91 65.90
1.9 U.7l|- U.76 I4..66 105.10 83.10
2.U 5.U8 5.06 5.03 38.57 35.93
2.7 b»7h U.58 U .61 70 .00 7U.50
3.2 5.U8 2. CU 1.18 0.04 | 0.01
U.8 lw7U 1.32 0.0 0 0.038 y 0.00
Regression Coefficient = -28.05 -25.hi
if x * 2 y = 67.78 62.72
if x * U. y = 11.68 11.90
99.99% inactivation achieved with 4.5mgm/l of chlorine.
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Fig. I4.. 16. Chlorination of f2 coliphage in effluent at pH 6 and
15>°C (no organic matter added) .
* Chlorine residual - mgm/l
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Fig. U.17. Regression lines for the chlorination of f2 coliphage in
o
effluent at pH 6 and l£ C5 with no organic matter added 
to the system (---) and 22 mgm/l organic matter (------).
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Table U.18
Chlorination of f2 coliphage in effluent at pH 6 and £°C 
(22 mgm/l organic matter present in the diluent) .
Cl2 level (ppm) 
at 0 time
f2 input 
(log pfu/ml)
f2 rec 
(log p
£ min.
overed
fu/ml)
30 min.
% sur 
£ min.
vival 
30 min.
2.7 5.00 U.60 ii.62 39.80 Ul.60
3.1 U.7U U.29 U.20 31*. 96 28.98
3.8 £.00 U.Uo U.21 2£.00 16.20
U.6 U.7U 3.78 3.63 11.0£ 7.80
S.h £ .00 3.£6 3.£2 3. 6£ 3.30
6.2 h.7h 0.78 0.30 0.01 0.00
7.6 £.00 0o30 0 .00 0.00 0.00
7.7 U.7U 0.00 0.00 0.00 0.00
Regression Coefficient = -7.9£ -8.0 9
if x * 2’ 7 = 39.2£ 36.1*1
if x = 69 7 = 7.1*£ 6. Oh
9 9.99% inactivation achieved with 6 .5mgm/l of chlorine.
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Fig. U.18. Chlorination of f2 coliphage in effluent at pH 6 and
5>°C (22 mgm/l organic matter, present in the diluent).
* Chlorine residual - mgm/l.
- 150 -
Table U.19
Chlorination of f2 coliphage in effluent at pH 9 and 5°C 
(22 mgm/l organic matter present in the diluent) .
Cl2 level (ppm) 
at 0 time
f2 input 
(log pfu/ml)
f2 recc 
(log pi
5 min.
>vered 
?u/ml)
30 min.
. % sim 
5 min.
/ival 
30 mine
3 .8 U.97 U.96 U.92 96.53 89.05
3.9 5.13 5.18 5.20 113.01 117.U7
5*9 5.13 5.oo 5.0U 75.09 82.90
6.U U.97 U.56 U.52 38.89 35.U5
7.6 5.13 U.83 U.7U 50.56 Uo.52
9.0 U.97 0.00 0.00 0.00 0.00
Regression Coefficient = -15.91 -17.36
if x = 3, y = 115.55 117.52
if x = 8} j = 35.99 30.71
99*99% inactivation achieved with 9• 3mgm/l of chlorine.
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Fig. U.19. Chlorination of f2 coliphage in effluent at pH 9
and 5°C (22 mgm/l organic matter present in the
diluent).
* Chlorine residual - mgm/l
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Table I4..20
Chlorination of f2 coliphage in effluent at pH 6 and 25°C 
(22 mgin/l organic matter present in the diluent) .
Cl^ level (ppm) 
at 0 time
f2 input 
(log pfu/ml)
f2 recc 
(log pi
5 min.
)vered 
?u/ml)
30 min.
% sur\ 
5 min.
rival 
30 min.
3.5 5.02 U.73 U.5U 50.33 33.21
3.7 5.17 U.27 U.13 12.55 9.19
k.9 5.17 U.07 3.91 8.02 5.U6
5.2 5.02 3.98 3.60 9.16 3.73
6.1 5.17 0.8U 0.00 0.01 0.00
7.0 5.17 0.00 0.00 0.00 0.00
Regression Coefficient * -10.U8 -9.61
if x = 3, y * 35.00 26.U6
if x =5.5, y = 8.80 2 .hh
99.99% inactivation achieved with 5«7nigm/l of chlorine.
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Fig. U.20. Chlorination of f2 coliphage in effluent at pH 6 and
2f?°C (22 mgm/l organic matter present in the diluent).
* Chlorine residual - mgm/l
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Table 21
Chlorination of f2 coliphage in effluent at pH 9 and 25°C 
(22 mgm/l organic matter present in the diluent).
Cl^  level (ppm) 
at 0 time
f2 input 
(log pfu/ml)
f2 rec< 
(log pi
5 min.
yvered
Lu/ml)
30 min.
% sur 
5 min.
srival 
30 min.
\
3.8 U.75 U.85 U.6U 127.06 78.26
U.l 5.10 U.98 U.86 75.92 56.70
5.5 5.10 U.9U U.87 67.68 58.35
• 5.7 Uo75 U.86 U.73 129.37 9U.59
6.0 5.io U.3U U.28 17.26 15.1U
7.7 U.75 3.68 3.23 8.52 ; 3.02
8.2 5 .io 2.99 2.U3 0.77 0.21
9.6 U.75 3.22 2.96 2 .97 1.61
Regression Coefficient = -21.27 -IU.88
if x ■ U, ¥ * 103.15 73.08
if
C
OHX y = 18 .0 6 13.56 .
99.99% inactivation achieved with 8.9mgm/l of chlorine.
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Fig. U.21. Chlorination of f2 coliphage in effluent at pH 9 and
25°C (22 mgm/l organic matter present in the diluent).
* Chlorine residual - mgm/l
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Fig. I4.22. Regression lines for the chlorination of f2 coliphage 
in effluent at pH’s 6 and 9* and $°9 1^° and 2£° C for 
30 minutes contact time (22 mgm/l organic matter present 
in the diluent).
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Fig. U.23. Chlorination of f2 coliphage in water at pH 6.0 and l5°C
with 2.75 mgm/l ( --  )3 55 mgm/l ( ----) and 8.75 mgm/l,,
( ---- ) added organic matter.
* Chlorine residual - mgm/l
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Fig. U.2J4.. Regression lines for the chlorination of f2 coliphage 
in water with various amounts of organic matter at 
pH 6 and l5°C5 for 30 minutes contact time. 2.75 mgm/l
organic matter (------ 5.5 mgm/l (---- ) and 8.25 mgm/l
( ) .
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Fig. Ij..2£. Chlorination of f2 coliphage in water at pH 6.2 with
2.75 mgm/l organic matter at $°G (---- ) l£°C (------ ),
20°C ( ___ ) and 2f?°C for $ min. and 30 min* ..
contact times.
* Chlorine residual - mgm/l
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Fig. U.26. Regression lines for. the chlorination * of f2 coliphage in 
water with 2.75 mgm/l organic matter, various temperatures 
and 30 minute contact time.
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Table U.2U
Chlorination of f2 coliphage in effluent at pH 6 and l5°C, 
f2 added 15 minutes before chlorine 
(22 mgm/l organic matter present in the diluent).
CI2 level (ppm) 
at l£ min.
f2 input 
(log pfu/ml)
f2 rec 
(log p.
20 min.
Dvered
fu/ml)
U5 min.
% sur- 
20 min.
vival
min.
2.2 5.86 5.65 5.70 60.£0 69.Uo
h.h 5.8U U - 87 U.81 10.90 9.U0
5.6 U.25 3.39 3.37 13.55 13.00
6.U U.33 3.53 3.5U 16.00 16.30
6.7 5.8U U.79 U.93 8.93 12.10
8 .9 5.85 3.81 3.76 0.90 0.80
9.0 u.28 0.30 0 . 0 0 0.01 0.00
9.2 U.37 0.00 0.00 0.00 0.00
Regression Coefficient = 
if x = 2, y = 
if x * 8, y =
-6.93
U5.39
3.79
-8.21
51.52
2.28
99.99% inactivation achieved with 8 .3 mgm/l of chlorine.
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Fig. U«27. Chlorination of f2 coliphage in effluent at pH 6 and
lf>°Cj f2 added 15> minutes before chlorine (22 mgm/l
organic matter present in the diluent).
* Chlorine residual - mgm/l
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Fig. I4..28. Chlorination of f2 coliphage in effluent at pH 6 and
15°C5 with chlorine added If? minutes before f2 .
* Chlorine residual - mgm/l
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Fig. U.29. Chlorination of f2 coliphage in effluent at pH 6
and 1$°C, with chlorine added l£ minutes before f2 
(22 mgm/l organic matter present in the diluent ).
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Fig. U.30. Chlorination of f2 coliphage in natural and filtered
effluents at pH 6 and l£°C. (• natural effluent +
5.U ppm 01^ 5 o filtered effluent + ppm Cl^ ;
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Fig. U.31. Chlorination of f2 coliphage in natural effluent and
effluent with added suspended solids, at pH 6 and 15>°C 
(22 mgm/l organic matter present in the diluent).
Natural effluent ( — -)$ effluent + ppm SS ( )s
effluent + lOOppm SS ( --- — ); effluent + 2U0 ppm SS
( — —  ).
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Table U.29
Chemical analyses on daily composite samples of the final- 
activated sludge effluent for the week of 21 Nov. 19773 
provided by the area chemist of the Guildford Sewage 
Treatment Plant. (All figures given as mgm/l.)
^s,s. Date 
Analysis
21011.77. 22.11.77. 23.11.77. '■'2U.-11.77.
Suspended
Solids 2 3 11 : 7 Z;
nh3(n ) 1.5 < 0.2 1.7 1.5
no3(n ) 21 28 31 23
BOD 5.1 5.U 3.7 5.2
COD 31 35 38 uu l ;
Max. Temp.°C 8 8 10 .9
Min. Temp.°C 3 h 8 ■ 7
3
Flow m /day 10,760 10,600 16,U20 10,330
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Fig. lj.,32. Chlorination of f2 in fresh effluent samples collected on
U consecutive days, pH 7.U and lf>°C .
. ' * Chlorine residual - mgm/l
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Table Uo3l
Chlorination of four male specific bacteriophage isolates 
in effluent at pH 6 and l5°C .
Isolate
Cl^  level
(ppm) 
at 0 time
Isolate
input
(log
pfu/ml)
Isolate 2 
(log pi
5 min.
-ecovered
?u/ml)
30 min.
% sur\ 
5 min.
rival 
30 min.
1
0.5
1.2
1.8
2.U
5.78
3.20 
1.7U 
2.lil 
0.30
3.0l|
1.70
1.70 
0.0
0.27
0.01
0.0U
0.00
0.18
0.01
0.01
0.00
2
0.5
1.0
1.5
2 .0
5.U0
U.85
I4..63
3.83
1.1+2
Uo82
il.58
3.U9
1.19
28.65
17.17
2.67
0.01
26.1U
I5o02
1.22
0.01
3
0o5
0.9 .
1.U 
1.9
5 .10
3.20
2.51
0.78
0.00
3.00
1.90
0.00
0.00
1.26
0.26
0.00
0.00
0c79
0.06
0.00
0.00
h
0o5
1 .0
1.5
.5.3U
2.6U
0.00
0.00
2.52
0.00
0.00
0.20
0.00
0.00
0ol5 
0.00  
OoOO •
1
Regress'
ii
id
.on Coeffi( 
x = 0 
x = 1
3ient =
•5, y «=
7 =
-0.13
0.21
0.08
-0.00
o.iu
0.05
2
Regression Coefficient » 
if x = 0.5, y = 
if x = 1.5, 7 *
-20.08 
27.19 
7.Ill
-1 8 .Uh 
2U.U3 
5.99
3
Regression Coefficient = 
if x = 0.5, y = 
if x = 1 02, y «
-O086
0.98
0.38
-0.82
0.67
0o09
k
Regression Coefficient = 
if x = 0.5, 7 = 
if x = 1.0, y =
-0o20
0.17
0.07
99*99% inactivations achieved with: 1 - 1.9 mgm/i chlorine;
2 - 3.0 mgm/l chlorine; 3 - 0 .8 mgm/l chlorine; 4 - 1.3 mgm/l chlorine.
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Fig. I*. 33. Chlorination of four male specific bacteriophage isolates 
in effluent at pH 6} l£°C.
  isolate 1, -isolate 2,
______isolate 3 and —  isolate b .
* Chlorine residual - mgm/l
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Fig. U.3U. Regression lines for the chlorination of four bacteriophage 
isolates in effluent at pH 6 and l5°C, for 30 minute
contact time. Isolate 1 (---); isolate 2 (---- ) ;
isolate 3 (----- ); isolate U (---- ).
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Fig. U.35. Chlorination of Polio virus 1 in effluent at pH h and 15>°C .
* Chlorine residual - mgm/l
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Fig. U.36. Chlorination of Poliovirus 1 in effluent at pH 6.8 and 
7.7, and 15°C. (  pH 6.8,   pH 7.7).
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Fig. U.37. Chlorination of Poliovirus 1 in water at pH 6.8 and l5°C
with 2.75 mgm/l organic matter.
* Chlorine residual - mgm/l
lo
g 
% 
su
rv
iv
al
 
of 
Po
li
ov
ir
us
- 184 -
10CT
10
pH 6.8
pH h
0.1
862
Cl^  residual mgm/l
Fig. Iu38. Regression lines for the chlorination of Poliovirus 1 
in effluent at pH’s U* 6.8 and 7.7> l5°C and 30 minute 
contact time. Line x (— ): regression line for 
chlorination of Poliovirus 1 in water at pH 6.8, 15° C 
and 2.75 mgm/l added organic matter.
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Fig. U.39. Bromination of f2 coliphage in effluent at pH 6 and 15>°C
(22. mgm/l organic matter present in the diluent).
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Fig. 4.40. Bromination of f2 coliphage in effluent at pH 8 and lf>°,C
(22 mgm/l organic matter present in the diluent) .
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Fig. 4 .41. Bromination of T2 coliphage in effluent at pH 9 and
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Disinfection of f2 coliphage with BrCl in effluent 
at pHrs 6, 8 and 9- and l5°C (22 mgm/l organic matter 
present in the diluent).
pH.
BrCl 
level 
(ppm) 
at 0 tine
f2 input
(1/g \ pfu/ml)
f2 recc 
(log pi
5 min.
)vered
iu/ml)
30 min.
% sun 
5 min.
rival 
30 min.
6
0.8
1.6
2.4
3*2
n. 62
it.33 
it.15 
3.1t8 
3.29
il.ltil
it.13
3.16
2.8?
50.72
3U.21
7.30
it.66
66.27
32.06
3.ijit
1.87
8
0.8
1.6
3*2
•
it. 8?
it. 86 
it. 80
li.59
3.82
it. 81 . 
it. 70 
it.28 
3.01
9U.U6
80.1tit
50.19
8.51
83.53
6U.7U
2il.80
1.31
9
0.5
1.1
2.3
it. 90
It. 8.7, 
it.86 
it.70
it. 81
U .80
it.70
91.06
90.06
62.98
80.25
79.13
62.61
6
Regressa
ii
ii
ion Goeffii 
x = 0 
x = 2
jient = 
•8, y = 
•9, y =
-32.37
U9.31
7.23
-lt3.lt 9 
59.62 
3.07
8
Regression Coefficient = 
if x = 0.8, y = 
if x = 5.2, y =
-3it-17
96.85
1(5-58
—33.1+5 
81.22 
31.05
9
Regression Coefficient = 
if x = 0.8, y = 
if x = 5.2, y «
-28.1+5
90.37
U7.70
-17.77
79.62
52.97
99*99% inactivations achieved with: pH 6 - 1.9 mgm/l BrCl;
pH 8 - 2.9 mgu/l BrCl; and pH 9 - 5.0 mgn/l BrCl.
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Fig. 4,44. Disinfection of f2 coliphage with BrCl in effluent at pH’s 
69 8 and 9 9 l£°C (22 mgm/l organic matter present in the 
diluent). pH 6 (------ ); pH 8 (----- ■); and pH 9 ( *”).•
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Fig. I4.L|5. Disinfection of f2 coliphage with BrCl in effluent at .
pH 6 and l£°C (no organic matter added).
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Fig. U.1j6. Disinfection of f2 coliphage with BrCl in effluent at pH 8.0 .
and 15>°C (no organic matter added) .
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Fig. U.Il-8. Disinfection of Poliovirus 1 with BrCl in effluent at
pH 7.3 and 1£°C.
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Fig. U.U9. Regression line for the disinfection of Poliovirus 1 
with BrCl in effluent at pH 7.3 and l£°C.
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Fig. U.50. Disinfection of f2 coliphage with Peracetic Acid in 
effluent at pH 7.7 and 15 C (22 mgm/l organic matter 
present in the diluent).
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Fig. U.51. Disinfection of f2 coliphage with Peracetic acid in
effluent at pH 7 .6 and l5°C (no organic matter added).
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Fig. h»E>2, Regression lines for disinfection of f2 coliphage in
effluent with no organic matter (-- ) and 22 mgm/l
organic matter (---) added, for 30 minute contact time.
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Table U.55
Characterisation of the four male specific bacteriophages 
isolated from Guildford municipal wastewater
Isolate
No.
Head • 
Shape fit Size
Tail 
Shape fit Size Description in Reference
1 polyhedral
95 nm
Rigid 
110 nm
T even : Fraenkel- 
Conrat'fit Wagner, 1977
2 icosahedral 
22-23 nm -
f2 or MS2 : Fraenkal- 
Conrat & Wagner, 1977
3
polyhedral 
65 nm
flexible 
170 nm
T5 or 2. : Fraehkel- 
Conrat & Wagner, 1977
h
octahedral 
90-100 nm
Rigid 
120 nm
El : Bradley, 1967
Fig. 4*66. Electron micrograph of untreated f2 particles (350>000 x)
Fig. 4*67. Electron micrograph of untreated poliovirus 1 (320,000 x)
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Fig. 4*68. Electron micrograph of f2 particles treated with 
chlorine (350>00° x).
Fig. 4-69- Electron micrograph of f2 particles treated with
peracetic acid (350,000 x).
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Fig. 4.70* Electron micrograph of poliovirus 1 treated with 
chlorine (270,000 x).
Eig. 4.71* Electron micrograph of poliovirus 1 treated with 
peracetic acid (350,000 x).
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Fig. 4.72. Petri dish showing plaques produced by f2 coliphage (1x).
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Fig. 4.73. Petri dish showing plaques produced by bacteriophage 
isolate 1 (1x ).
Fig. 4.74. Petri dish showing plaques produced by bacteriophage
isolate 3 ( 1x ).
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Fig. 4.76. Electron micrograph of bacteriophage isolate 2 (310,000 x).
Fig. 4.77. Electron micrograph of bacteriophage isolate 3 (280,000 x)
Fig. 4.78. Electron micrograph of bacteriophage isolate 4 (250,000 x)
DISCUSSION
The characterization of effluent in which disinfection 
experiments are to be conducted is very important because wide 
variations in physical and chemical quality are known to occur 
, (Painter et al., 1961). Effluent quality, (like water quality) 
is normally characterized by the presence of certain chemicals 
or by its ability to undergo chemical reactions, and although a 
large number of features could be measured the main character­
istics looked for are the pH, the concentration of the suspended 
solids, the level of ammonia, and the biochemical and chemical 
oxygen demands. These are all likely, of course, to influence 
the effectiveness of the disinfectants (Tonelli, 1976) as, indeed, 
are the many other normally undetermined constituents.
The standard analyses, conducted on the effluent batches 
collected for the experimental work reported herein (when compared 
with those obtained routinely by the Thames Water Authority on the 
effluent from the Guildford Sewage Treatment Plant were signifi­
cantly different (by t-test analysis) only with regard to ammonia. 
However it is difficult to make valid comparisons between these 
analyses because the experimental effluent was usually collected 
around mid-day when the level of ammonia was low, as would be expected 
(Painter, 1971)> whereas the analyses made at the sewage plant were 
performed on composite samples taken throughout the day from both 
the activated sludge treatment and trickling filter processes which
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together had a higher ammonia value. This reflected on the known 
relative inefficiency of trickling filters in removing ammonia 
(Genetelli, 1971). The difference in the COD value of the 
experimental and routine effluents was probably meaningless because 
insufficient numbers of tests were done in either case.
In order to limit variation between experiments large batches 
of effluent were taken and held at -10°C, a procedure which apparently 
resulted in minimal alteration of the effluent quality, for instance 
a slight shift towards alkalinity, also noted by Fainter (1971).
This was not likely to be influential because the pH of the system 
was adjusted before conducting each experiment. However, small 
unaccountable variations continued to occur despite the use of 
standardized chemicals and methodology, which is perhaps not 
surprising in such studies. For one thing it was impractical to 
use large and numerous replicate samples, and there was a lower limit 
to the sensitivity of the assay. Furthermore the stock cultures 
were innately variable. Nevertheless it was felt that the results 
were sufficiently reproducible to permit interpretation and assessment.
The disinfection of effluents with chlorine have usually 
involved the procedure referred to as "break-point" chlorination in 
order to take account of the chlorine demand of the system, parti­
cularly that associated with nitrogenous compounds. However the 
concentration of such compounds, especially ammonia, could be highly 
variable so that a clearcut break-point would not be predictable. 
Furthermore, undefined organic matter, such as that commonly present 
in the effluent (Fainter, 1971)*would also alter disinfection requirements.
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Even with known amounts of added organic matter, such as 22 mgm/l 
of peptone (sometimes introduced in the coliphage diluent used in 
this study), the behaviour and disinfection capacity of the combined 
chlorinated amines were indefinable, even though the amounts of mono- 
and di-chloramines could be specifically titrated. Sung (197U) found 
that various arbitrarily chosen organic compounds, such as cystine, 
tannic acid, humic acid, uric acid, arginine and acetic acid had 
varied chlorine demands and varied the results of the chlorination 
of E.coli. Furthermore the combined effect of these compounds on 
chlorination was not additive.
In disinfection of clean water with chlorine the inactivation 
of microorganisms follows Chick’s laws of unimolecular reactions 
(Chick, 19085 Weidenkopf, 195>8), but not so with disinfection in 
effluents. This divergence is due to the transformation of the 
pure halogen into a complex of halogenated compounds each with 
different disinfectant.abilities and varying rates of disinfection. 
Thus in the experimental work at any tested pH, temperature or 
organic matter content, there was a linear negative correlation 
between disinfectant residual and survival of virus up to a .certain 
threshold value of disinfectant after which there was a sharp decline 
in survival. The linear portions of these relations were presented 
as. the regression lines and the. thresholds calculated as the 
residual of disinfectant required to achieve 99.99$ inactivation.
The experimentally obtained residual values which achieved I4. log 
reduction of vims were not significantly different to the calculated 
threshold residual values. The regression coefficients, or the slopes 
of the regression lines, were irregular with respect to pH or
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temperature, but the 99.99$ threshold residual values showed a 
direct correlation with pH and a negative correlation with 
temperature.
In the present study it was interesting to note that 
inactivation of f2 coliphage or poliovirus was achieved at lower 
levels of chlorine dose or residual than those reported by others 
(Cramer et_al., 1976; Krusd et al., 1971) even in the presence of 
organic matter which of course introduced a demand. The studies 
of Kruse et al. (1971) on inactivation of f2 in activated sludge 
effluent, held at L|°C and pH 7* showed only 1.5 log reduction'in 
titre with a chlorine dose as high as 30 mgm/l. However, the 
residual chlorine, whether free or combined, was not reported, so 
it is possible that very high chlorine demand had occurred for some 
reason, perhaps because of high organic content. In the present 
studies with f2 under similar conditions (5°C and pH 6) only 9 mgm/l 
chlorine was required (leaving a residual of 6.5 mgm/l) to achieve 
as much as h log inactivation. However some of the difference 
between this work and that of Kruse et al. (1971) which was at a 
higher pH value could have been due to the pH difference.
With regard to the influence of pH on the extent of dis­
infection, it was found overall, in the present study, that much less 
chlorine was required than by Cramer et al. (1976). They worked with 
as much as 30 mgm/l dose of chlorine and failed to achieve the degree 
of inactivation found in the present study. However, they used 
autoclaved effluent which may perhaps have altered the chlorine demand 
in some way.
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The inactivation of poliovirus, noted in the present study, 
was also higher than those previously reported. For instance,
Shuval (1970) could not achieve more than 90$ reduction in polio­
virus titre in effluent at pH 7.7-7.8 with 11 mgm/l chlorine and 
30 minute contact time, whereas in the present study half of that 
dose removed 99«99$ of the infectivity at 15°C. Shuval (1970) 
failed to report what temperature was selected, an important 
parameter in disinfection studies. These and similar incon- 
sistancies in disinfection efficiency almost certainly reflect 
simply on the type of effluent and methodology and it illustrates 
the need for standardized experimental technique.
With regard to experiments with bromine and bromine chloride 
their relative efficiency over chlorine in normal effluent at pH 
around 8 presumably reflected on the higher proportions of oxidizing 
ions formed in solution under these conditions. For instance both 
Br^ and BrCl hydrolyse at pH 8.0 to produce 90$ HOBr and 10$ 0Br“, 
whereas chlorine at that pH produces only 19$ H0C1 and therefore 
81$ 0C1 (Mills, 1973a) which is far less active than H0C1. This 
could be of practical importance in the field because the normal 
pH of the effluent is near to 8. So bromine or BrCl could be used 
without acidification which is necessary for effective chlorination 
(Kruse et al., 1973). The advantage of BrCl over Br^ is its ability 
to yield more of HOBr upon hydrolysis, and, as noted earlier, its 
greater solubility (Mills, 1973a).
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In the present study 99.99$ inactivation of poliovirus 
achieved with BrCl was in accord with that reported recently by 
Keswick et al. (1977) who found as much as 5 log reduction of the 
virus in 15 minutes at 25°C with 5 mgm/l BrCl. The very high 
efficiency was probably also due to the high temperature used. In 
fact, it is known that there is a direct correlation between in­
activation and temperature (Chick, 19085 Fair et al.l9U7* Kelly & 
Sanderson, 1958) and this was confirmed in the present study.
Peracetic acid belongs to a different group of chemicals 
to the halogens but it exhibits a similar biphasic pattern of 
disinfection. However its mode of action, although little 
understood, is almost certainly different to that of halogens 
because the active principle may be nascent oxygen. .It was inter­
esting to note that effluents did not seem to have a demand for 
peracetic acid, that is to say the concentration of peracetic acid 
did not decrease within 30 minutes unlike the situation with the 
halogens. Neither did its virucidal activity decrease after 30 
minutes, which was readily demonstrated by the addition of more 
virus which was inactivated to the same degree as the original virus. 
This was not the case with chlorine. In this case when a second dose 
of virus was added no inactivation occurred which implied that 
chlorination did not provide any protection from new contamination. 
However this was puzzling because at the selected time for addition 
of fresh virus, 30 minutes, the DPD estimation of chlorine compounds 
indicate potential activity of both free and combined chlorine.
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This result was striking in contrast to the situation where chlorine 
was allowed to pre-react with the effluent for 15 minutes before the 
addition of virus. In this case the chlorine, in free and combined 
forms, had not apparently lost its disinfecting capacity.
Peracetic acid was also unaffected by the presence of organic 
matter or even suspended solids; and the residue it forms, acetic 
acid, is certainly non-toxic, although it may well be nutritive 
when introducing into receiving waters.
It was most interesting that several small doses of dis­
infectant added successively did not present any advantage over one 
equivalent large dose. Thus the cumulative results of repeated 
inactivations of the same sample of effluent were almost identical 
to the result of a single dose of disinfection at a concentration 
equivalent to the cummulative values whether this was chlorine, 
bromine or peracetic acid. This observation was in agreement with 
those of Kruse et al. (1971) who achieved 1.5> log reduction of f2 
coliphage with a single dose of 30 mgm/l chlorine and 3 doses of 
10 mgm/l chlorine. The linear nature of the relationship between, 
concentration and degree of inactivation is thus apparent. The 
relative reductions in titres after each point of addition of
disinfectant were the same, whether, for instance, the initial titre
3was 1 x 10 pfu/ml or 8 x 10 pfu/ml; that is to say, the percentage 
law applied.
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In comparative studies with different viruses Scarpino et al. 
(197U) have demonstrated that poliovirus required more disinfectant 
than f2 coliphage for the same degree of inactivation, but contrary 
evidence had been presented by Shah & McCamish (1972 )e This apparent 
conflict almost certainly represents differences in effluent quality, 
the influence of pH, buffers and experimental procedures. In making 
comparisons between such apparently similar He or naviruses, it is 
worth bearing in mind the innately different assay systems used for 
the two viruses - on the one hand a monolayer cell culture for 
poliovirus and on the other a bacterial pour-plate for f2 coliphage. 
Although both are plaque tests there are no satisfactory grounds for 
assessing whether each virus behaves in exactly the same way after 
disinfection -with, regard to its infectivity test. In addition, the 
infectivity ratios of the two viruses are believed to be different; 
thus one pfu of f2 coliphage is thought to represent one phage 
particle (Adams, 19f>9)* whereas one pfu of poliovirus may be anything 
up to 100 particles (Floyd & Sharp, 1977). The implication of these 
facts is that what is experimentally shown as a more resistant virus 
may not be actually resistant, but that its assay method may not be 
sensitive enough to detect every infectious particle.
It is also necessary to consider the mechanism of inactivation 
of virus in order to come to any conclusion about the significance of 
different treatments on different viruses.
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Inactivation of viruses by various agents and methods - like heat, 
formalin treatment, disinfection with chemicals, or neutralization 
with antibodies - all show the same biphasic patterns a sharp loss 
of infectivity of a certain percentage of the virus population soon 
after the application of the inactivant, and then a slower, if any, 
decline in titre. Furthermore the percentage law observed by Chick 
(1908) applies equally, whether inactivation is caused by chemicals; 
neutralization with antibodies or W  radiation. In a recent analysis 
of the neutralization phenomenon (Della-Porta & West away 1978) an 
attempt was made to use the analysis to explain the exact nature of 
the reaction. A multi-hit mechanism of nautralization was proposed 
and this assumes that specific antigen-antibody complexes are deposited 
on ’critical areas’ of the virus surface, thus rendering it uninfective0 
It would be interesting to know whether such a complex is formed with 
the virus by chlorine. The unavailability of chlorine for further 
inactivation may be due to some equilibrium with the persistant virus 
population as well as with other constituents of the effluent.
With peracetic acid, on the other hand, no side reaction occurred
and it was as active after 30 minutes as at 0 time. Therefore the 
equilibria of the two chemicals with the non-inactivated virus were 
different, peracetic acid being ’unbound’.
In serum neutralizing experiments there have been no reports on
the effect of the addition of a second lot of virus to the existing 
antibody: virus system in which serum is in excess. So one cannot 
say in what manner neutralization of the second lot of virus would 
proceed, although it is probable that it would be like the disinfection 
reactions 0
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In all the inactivation experiments loss of infectivity 
is detected by the failure of virus to grow in susceptible cells, 
but it is not clear from this what damage has been done or what 
stage in the infection process has been interrupted. The most 
likely explanation is that viral receptors were interfered with, 
but it is also possible that penetration into host cells occurred 
but there was a subsequent failure to uncoat or an inability to 
replicate as a result of nucleic acid damage.
This is fundamentally different to the reactions with 
bacteria which are inactivated by chlorine as a result of chemical 
alteration of respiratory enzymes (Green & Stumpf, 19U6; Knox et al0, 
I9I4.8). What is known or assumed about the activity of chlorine on 
bacteria concerning the SH groups implies that chlorine may have a 
similar effect on the viral envelope. In the case of animal viruses 
where there is a cell membrane-capsid recognition interaction followed 
by pinocytosis, the disinfectant inactivated viral protein may not 
be recognized. Bacteriophages, on the other hand, are generally 
assumed to infect the host cell by injecting their nucleic acids after 
attaching to specific sites on the cell wall, like the pilli .of the 
male strains of E. colic The inactivated bacteriophage may or may 
not lose its cell recognition ability, and if attached to the specific 
active sites the injection or the replication of the inactivated 
bacteriophage nucleic acid may be impaired.
The wish to standardize conditions for disinfection of 
effluents has led to the suggestion that a viral marker should be 
selected. There have, for instance, been proposals to use naturally 
occurring bacteriophages to monitor wastewater treatment and
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disinfection. However it is apparent that the male-specific 
bacteriophages isolated in this study varied widely in their 
sensitivities to chlorination as well as in their appearance. 
Furthermore, it has been shown that the resistance of wild-type 
strains of bacteriophages and other viruses may be artificially 
.varied (Liu et al., 1971) as well as spontaneously acquired (Bates 
et al., 1977). One way to avoid such variation would be the use of 
a standardized strain of bacteriophage, like f2, but monitoring 
sewage or water treatment efficiency by adding bacteriophages 
grown in the laboratory is not practical.
Although the mechanism of disinfection is not fully understood 
in practice it works. Increasingly it may be necessary to use 
disinfection as partial or complete reuse of wastewater effluents 
become more common for any purpose, for example as a supply of 
potable water , for irrigation and for cooling towers. Chlorine, 
which has served for about a century has its shortcomings mainly 
because higher doses of it are needed to elminate viruses in 
effluents. This results in the production of toxic compounds - such 
as chlorinated phenols. Furthermore, chlorine residual does not 
provide much protection from secondary contaminations. Bromine 
chloride seems to be a promising alternative, especially that it 
can be used with the same equipments as chlorine, and resultant 
bromamines are relatively shortlived. Peracetic acid is another 
potentially good alternative disinfectant which has non-toxic by­
products, acetates, and waters do not have a demand for it making 
it always available. Both of these compounds need further detailed
investigation of function as well as cost, to enable assessment 
of their practicability for use in municipal water and wastewater 
treatment.
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